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FOREWORD

This FY 1980 Annual Progress Report is a general review of US Army
Biomedical Laboratory, Aberdeen Proving Ground, MD conducted on Medical
Defense Against Chemical Warfare Agents under projects 3M162734AH26,
3S162772A875 and 3M161102BS10.

In conducting the research described in this report, the investigators
adhered to the "Guide for the Care and Use of Laboratory Animals,"
prepared by the Committee on Care and Use of Laboratory Animals of the
Institute of Laboratory Animal Resources National Research Council (DHEW
Publication No. (NIH) 78-23, Revised 1978). The facilities are fully
accredited by the American Association for Accreditation of Laboratory
Animal Care.
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Executive Summary (Program Overview) (U)

The US Army Biomedical Laboratory (USABML) conducts research, development,
test, and evaluation as it relates to medical defense against chemical warfare (CW).
This mission includes fundamental research on mechanisms of action of CW agents and
antidotes in order to establish a data base from which to devise improved prevention
and treatment of casualties, and the development and evaluation of drugs and other
methods for the prevention, resuscitation, pretreatment and management of chemical
casualties.

The status of the USABML was changed from a subelement of DARCOM's Chemical
Systems Laboratory to that of an independent laboratory under USAMRDC on 30 June
1979. Formation of this new laboratory required not only the establishment of a
research and development nroqram, but also the entire infrastructure to conduct
this proaram.

Efforts to reorganizethe laboratory functionally and programatically were
bequn in late October 1979. The ensuing new proposed provisional TDA was approved
by HQ, USAMRDC in January 1980.

Although FY79 was the year of our conception as an indeppndent laboratory under USA
MRDC, FY80 was in essence the year of our birth, the year we wrote or rewrote all of
our research plans and protocols. We are very proud to report progress in nine of
these work units for our FY80 Annual Progress Report. Five work units are in project
3.11162734AH26 "Medical Defense Against Chemical Agents," and two each are in projects
3S162772A875 "Medical Systems in NonConven;ional Environments," and 3M161102BS10
"Research on Military Disease, Injury and Health Hazards."

In aeneral,research on two of these work units (024) "Efficacy of Centrally
and Peripherally Active-Pretreatment and Treatment Compounds Against Nerve Agent
Intoxication" and (381) "Mechanism of Action of Anticholinesterases and Anticholinesterase
-'Aidotes" havebeen on-going for over 30 years with varying degrees of emphasis and

var.,nq approaches. New research plans were written for both of these work units in FY80.

One work unit (383) "Neurotransmitter Systems Interaction Effects of Anti-
cholinesterases and Treatment Compounds" commenced in 1977. Two others (201)
"Behavioral Toxicology of Nerve Agents and Treatment with Prophylactic and Therapeutic
Compounds" and (202) "Physiological Consequences of Nerve Agent Exposure" were initiated
in 1978.

Work unit (025) "Comparison of 4-DMAP, Sodium Nitrite, Amyl Nitrite and Sodium
Thiosulfate; Efficacy of Treatment on Acute Cyanide Poisoning" beqan in April 1979.

The remaining three work units (021) "Use of Invertebrates as Model Systems
for Investigating Effects of CW Agents and Treatment Compounds on Single Cells and
Ganglia," (026) "Efficacy of Organophosphinates as Prophylactic Agents in Nerve Gas
Intoxication," and (030) "Analyses for Potential Toxic Material(s) in Aged Atropen
Injector" were introduced in 1980.

311IG2734AH26 "Medical Defense Against Chemical Agents"

AH25AH0l "Use of Invertebrates as Model Systeins for Investigating Effects of
CW Agents and Treatment Compounds on Single Cells and Ganglia"

In order to develop an effective treatment or pretreatment For the soldier
against nerve agent poisoning we need to know, amongst other things, the direct
neuronal effects of both the agents and the treatments (or pretreatments). Sophisticated



electrophysiological equipment designed for intracellular recording, for
application of voltage and currentalong with micropressure ejection apparatus
for extracellular drug application and iontophoresis had to be acquired, and in
many instances modified before any data could be generated. We now have baseline
data for Soman effects on three elementary acetylcholine (ACh) responses. As the
restrictions for vertebrate use in research inzreases, use of this mollusc model
in studying molecular mechanisms becomes more and more valuable.

AH26AC024 (U) "Efficacy of Centrally and Peripherally Active - Pretreatment
and Treatment Compounds Against Nerve Agent Intoxication"

In this reporting period we were successful in developing two pretreatment
mixtures for rats that were equally effective against Soman lethality. However,
one of these mixtures containing physostigmine, atropine and mecamylamine was
markedly superior to the other mixture in abolishing Soman-induced physical and
mental debilitation. The other mixture contained pyridostigmine in lieu of
physustigmine. Efforts in this area of our research are presently directed toward
the idea that drug formulations for rats (and monkeys) must be based on criteria
that are proposeu for use in man, that i% behavioral titration versus survival
titration (which obviously cannot be used in man). This means that responses
other than survival must be used in selection of doses in experimentdi animals as
well as in man, such as physical incapacitation, performance decrement and changes
in behavioral stresses.

AH26AC025 (U) "Comparison of 4-DMAP, Sodium Nitrite, Amyl Nitrite and Sodium
Thiosulfate:Efficacy of Treatment in Acute Cyanide Poisonj"

The lethal dose resconse curve to cyanide is being established. The effective
dose of both sodium nitrite and 4-DMAP which produced the 30-40% methemoglobin level
necessary for animal survival has been determined.

There are presently insufficient data on acute toxicity, chronic toxicity and
carcinogenic properties of 4-DMAP. At present 4-DMAP is only manufactured in the
IV formulation. Stability studies are needed for the IM formulation. It is known
that 4-DMAP reacts with metals and certain kinds of rubber. Studies also should be
performed with injectable container materials.

AH26AC026 "Efficacy of Organophosphinates as Prophylactic Agents in Nerve
Gas Intoxication"

Having studied the hydrolytic stability, cholinesterase inhibition parameters
and the responsiveness of the inhibited enzyme to oximes of ten phosphinate esters
(from the twenty-six synthesized) two were examined further. Toxicological studies
in mice heve been completed with p nitrophenyl dimethyl phosphinate and P nitrophenyl
methyl (phenyl) phosphinate. Not only are these two phosphinate esters less toxic
than the carbamate pyridostigmine, but these preliminary studies suggest that they
may be superior prophylactically.

Results so far in these studies are redirecting our concepts on the nechanisms
of both carbamate and phosphinate prophylaxis.
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AH26CA030 (U) "Analysis for Potential Toxic Material(s) in Aged Atropen
Injector"

This study was the result of a directed action of the Commander of USAMRDC
Walter Reed Institute of Research (WRAIR) completed the cytotoxicity studies
which correlate with the mouse toxicities at USABML. Quantitative methods for
the analysis of atropine, phenol and heavy metals have also been developed.

Zinc has been found to be the toxic material, originating in the rubber of
the cartridge containing the active ingredients.

Project No. 3S162772A875: Medical Systems in Non-Conventional Environment

A875BA201 (U) Behavioral Toxicology of Nerve Agents and Treatment with
Prophylactic and Therapeutic Compounds

Thirteen separate research protocols were active and productive in this
work unit for FY80. Four research presentations were prepared and abstracts were
submitted for publication. Three tests which reflect motor and behavioral incapa-
citation following sublethal exposure to Soman have been developed and validated.
A therapeutic mixture reversing lethality and to an extent, motor incapacitation,
has been tested. Also a prophylactic mixture reversing all effects has been tested.
2-PAM dose-response studies for behavioral efforts have been initiated. Dose-response
studies of anticholinergic drugs on nonhuman primate learning and memory are on-going.
Studies on the interaction between morphine, anticholinergics, anticholinesterase,
and stress on pain preception are continuing.

A875202 (U) Physiological Consequences of Nerve Agent Exposure

Both the central and peripheral mechanisms of action of Soman on respiratory
arrest have been the focus of this research during FY80. Differentiation of these
mechanisms showed the cause of respiratory arrest was a loss of central drive due
to a loss of syncnronized firing of respiratory-related neurons in the brain stem.
Hence the need for centrally-active treatment compounds. We now have a model
developed for testing the efficacy of future P&T compounds.

The preliminary results on the effects of an acute, sublethal exposure to Soman
on sleep-wake cycles and arousal threshold suggest a need for long-term treatment of
individuals following a single exposure to nerve agents.

Project No. 3M161102BSIO: Research on Military Disease, Injury and Health
Hazards

BS1OEC 381 (U) Mechanism of Action of Anticholinesterases and Anticholinesterase
-Antidotes

Two classes of acetylcholinesterases (AChE) isoenzymes were isolated from rat
cerebrum after a nonlethal, acute exposure (.9 LD50) of Soman. They were inhibited
by Soman at different rates even though all forms of AChE were completely inhibited
fifteen minutes after exposure. The same isoenzyme profile held true for chronic
exposures to Soman.
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Preliminary work on identifying sites of action of organophosphorus compounds
resulted in the development of a model for evaluating the actions of drugs with
highly characterized pharmacological sites of action.

Some progress has been made with regard to the role of AChE and its interaction
with its receptor.

Spin label studies indicate that membrane lipids are passive in the change of
permeability of the membrane during synaptic transmission.

BS10ED383 (U) Neurotransmitter Systems Interactions: Effects of Anticho-
linesterases and Treatment Compounds

The effects of acute and chronic exposures to Soman were studied in rats. Acute,
sublethal exposures caused a differential degree of increase of ACh and choline (ch)
levels in different brain areas, with the cerebral cortex having the highest ele-
vation after 40 minutes. The chronic exposures did not produce any change in ACh
and ch levels in any brain areas. However, there was a moderate depression of AChE
(25%-40%) in brain stem, midbrain and cerebral cortex at six weeks. If chronic
exposures were stepped up (3x), ACh but not ch was elevated in brain stem and
cerebellum and then returned to normal. The AChE for these exposures was more
severely depressed (45%-75%) in all brain areas.

Summary

We have reported progress on nine work units in three different projects for
FY80, during which time we virtually established a new laboratory with an updated
mission, new plans and new protocols.
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MEDICAL DEFENSE AGAINST CHEMICAL AGENTS
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PROJECT 3MI62734AH26 Medical Defense Against Chemical Agents

TASK AREA AA

WORK UNIT 021 Use of Invertebrates as iodel Systems for Investigating Effects of CW
Agents and Treatment Compounds on Single Cells and Ganglia

INVESTIGATOR Mrs. Margaret G. Filbert

BACKGROUND

Not all physiological effects exerted by anticholinesterase agents can be
explained by mechanisms of cholinesterase inhibition. For the past 35 years,
the primary thinking regarding prophylaxis and therapy for nerve agent exposure
has been directed at the acute phase of poisoning. The rationale for treatment
which has predominated is that both toxicity and incapacitation result from
accumulation of acetylcholine at synaptic junctions following inhibition of
acetylcholinesterase by nerve agents. This rationale is supported by indirect
evidence, such as the efficacy of cholinolytics, oximes and carbamate-prophylaxis
in reducing toxic symptomoloqy as well as dose-dependent reduction in lethality;
direct evidence validating this position, from in vivo studies, is found to be
wanting. Continued reliance upon this rationale-T, the absence of an understanding
of actual sites and mechanisms of action o; both challenge agents and treatment
compounds, is unlikely to provide dramatically enhanced treatment regimens for
either acute or lonq-term management of exposure-victims or prophylactic protection
for the soldier. Sites and mechanisms of action, as well as their relative
contribution to lethality and incapacitation, must be identified. Isolated brain
ganglia from qastropod molluscs (Aplysia) were used to examine cholinesterase
independent effects of aqents and drugs on neurotransmitter responses.

PROGRESS

Effects of physostigmine on ACh responses with different methods of application.

Cells of the riqht abdominal ganglion,designated as RB cells,were used for these
experiments. Cells of the RB group give a depolarizing response to application of
ACh. The E (equilibrium or reversal potential) for this response is obtained
by extrapola ion and is approximately -30 mV. Physostigmine (eserine),applied by
addition to the solution bathing the preparation, usually leads to amplification of
the acetylcholine response magnitude and duration. Since any subsynaptic effects
of physostigmine that occur might not always be obvious,and physostigmine effects
are difficult to reverse by washing with sea water when applied in the perfusing
medium, application of physostigmine by iontophoresis appeared to provide a more
certain method of observing a postsynaptic action. Physostigmine contains two
secondary amino groups having ionization constants of 7.6 x 10-7 and 5 x 10-13 so
that at pH 7.8 (the pH of the sea water used to bathe the preparation) there will
be a positive charge on the molecule due to protonation of the amino groups. It
seemed feasible, therefore,to apply physostigmine by iontophoresis directly onto
the cell membrane or near the receptor site. Figure 1 shows the depolarizing
response of an RB cell to iontophoretic application of ACh. A test iontophoretic
pulse of physostigmine had no effect on the resting potential of this cell. When
a similar pulse of physostigmine was followed by ACh, the response was significantly
reduced. After approximately three to five minutes washout with ASW (artificial sea
water), a partial recovery of the response amplitude to ACh was seen (figure 1A).
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In another experiment the physostigmine was applied by micro-pressure
ejection from a micropipette. A pulse of physostigmine at 30 psi followed by
a 103 na (nanoampere) iontophoretic pulse of ACh completely abolished the response.
After several minutes of washout, recovery of the response was again observed
(figure 1B).

In a third experiment (figure IC), the physostiqmine was applied in the
perfusinq ASW. A pre-drug response to iontophoresis of ACh is shown first at an
amplifier gain of 4 mV/cm and then at 20 mV/cm. Application of 10- 6M physostigmine
alone produced an increase in the response. This was partially reversed by
16 minutes of washing with ASW. 10-5M physostiamine was then applied to the
chamber and it can be seen that both the amplitude and duration of the ACh
response are considerably larger than the pre-drug response. After 60 minutes
washout, only partial recovery of the effect of ChE inhibition occurred.

Application of ACh by iontophoretic or micropressure ejection appears to
circumvent the effects of inhibition of ChE and clearly shows an effect on the
response of the neuronal membrane to ACh that cannot be ascribed to enzyme
inhibition.

An experiment similar to the previous one was performed on a cell giving
a hyperpolarizing response to ACh. Carbachol was used to mimic the ACh response
in this case. It has been shown by Kehoe (1972) that carbachol elicits the
identical three elementary responses as does ACh.

A pre-drug response to carbachol is shown in figure 2A. An iontophoretic
pulse of physostiqmine produced a slight membrane depolarization which returned
to the resting level at the end of the pulse. This was shown to be an artifact
since reversing the polarity of the current used to eject the drug produced a
mirror image of the membrane displacement seen here. When the physostigmine pulse
was followed by a carbachol pulse, the response was reduced in amplitude. Re-
covery to the pre-drug level was obtained after washout of physostigmine.

A similar effect was seen when the physostigmine was applied by pressure
ejection. Pressure ejection of the drug had no effect on the resting membrane
potential (M.P.). The carbachol response was reduced when preceded by application
of physostiqmine and recovery was obtained by washout of the drug (figure 2B).

The effects seen in this figure, using carbachol to elicit ACh responses
supports the conclusion that the effects of physostigmine are independent of
ChE inhibition since (a) carbachol is not hydrolysed by ChE and (b) reversibility
is rapid in onset compared to reversibility of the effects with bath applied
physostigmine and ACh.

Effects of physostigmine on the three responses to ACh.

The effects of physostigmine on the sodium, chloride and potassium mediated
responses to ACh can be seen in figure 3. The RB group 4 cells found on the
abdominal qanglian cells are extremely sensitive to ACh and a large depolarizing
pre-drug response is seen here. When iontophoretic application of ACh is preceded
by an iontophoretic pulse of physostigmine, the depolarizing response to ACh is
nearly eliminated. The amplitude recovers with washout in three to five minutes
to near pre-drug levels (figure 4A).

7



In another cell, a rapid hyperpolarization having an Erev for the response
at -65 mV was obtained. Application of physostiqmine prior to iontophoresis of
ACh reduced the response here also. Partial recovery can be seen after washing
with ASW (fiqure 4B).

Still another cell gave a hyperpolarization having a much slower time to
peak and prolonged duration. An Erev of -70 mV was determined. This value for
the reversal potential along with the slower time course of the response suggested
that K+ was mediating the response to ACh in this cell. Application of physostigmine
prior to ACh had little or no significant effect on the response.

It has been shown previously by Kehoe (1972a) that some cells in Aplysia
respond to ACh with more than one conductance change. Cell L7 of the left
abdominal ganglion produces a two component response that is the result of an
increase in sodium conductance followed by a chloride-dependent conductance
increase. Iontophoresis of physostigmine prior to carbachol application results
in a response with a hyperpolarizing component only (figure 4A). The depolarizing
component reappears after washout of the drug.

The left plueral giant cell also gives a two component response to ACh
(Kehoe, 1972b). This response is composed of a rapid hyperpolarization followed
by a hyperpolarization of much slower time course. The biphasic character of
this response is best seen when the membrane potential is held at a level between
EC1- and EK+. Figure 4B shows the pre-drug response when the membrane potentialis held at -40 mV and also when the membrane potential is at -60 mV. Iontophoretic

application of physostiqmine immediately before carbachol leaves only the slow
component of this response. When the drug is washed out, the rapid chloride
component returns.

In summary the effects of physostigmine on three known acetylcholine mediated
conductance changes have been examined. We will begin collecting data for the
effects of soman on these three responses.

PUBLICATIONS

None.

PRESENTATIONS

TTCP E/TP1, 1979 DRES, Ralston, Canada.
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TASK AREA AC/WORK UNIT 024

EFFICACY OF CENTRALLY AND PERIPHERALLY ACTIVE-PRETREATMENT
AND TREATMENT COMPOUNDS AGAINST NERVE AGENT INTOXICATION
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mental or physical incapacitation when administered alone but will protect from letha

exposure to nerve agents as well as dampen or abolish agent-induced physical and mental
incapacitation and when combined with therapy will prevent death against 3-5 LD50s of
nerve agent.
24. (U) Behavioral free nerve agent antidotal mixtures for rats and marmosets will be

developed. Pretreatment/therapeutic antidotes are used to antagonize agent-inducedlethality and physical and mental debilitation. Biochemical studies are also run to
see if there is a relationship between agent-induced incapacitation and brain AChE
activity and/or ACh levels. Guinea pigs will be used in pretreatment/therapy studies
to see whether N-hydroxy carbamates are as effective as physostigmine against Soman;
pharmacology of mixtures also will be assessed.

25. (U) (80 04-80 10) Th.o "behavioral free" pretreatment mixtures (physostigmine (Ph'.
or pyridostigmine (Pv) plus atrooine and mecamylamine) have been developed for rats.Both mixtures are eidally effective aainst agent lethality. The Ph containing mix-
ture was found to be markedly superior to the Py mixtufe in abolishing Somn-induced
physical and mental debilitation. Thnis work was presented at the Pharmacology (,SPT.
meeting, tu jt 1a-t0. A manuscriat was also ublishd o efficacy of chemical pre-
treatment against Soman (Life Sciences 26, ae3i (1930).
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PROJECT 3M62734AH26 Medical Defense Against Chemical Agents

TASK AREA AC

WORK UNIT 024 Efficacy of Centrally and Peripherally Active-Pretreatment
and Treatment Compounds Against Nerve Agent Intoxication

INVESTIGATORS Larrel W. Harris
Marvin A. Lawson
David L. Stitcher
Willard J. Lennox

BACKGROUND

Conventional therapy will protect against lethality from most agents but
exposed subjects are likely to be incapacitated for up to several days. Con-
sequently Ithis would be unacceptable on a chemical battlefield because the
soldier must be able to continue the military mission. Ensuring a functional
soldier can best be accomplished with physical protection (mask and clothing)
and appropriate chemical pretreatment. Therefore, the Army needs to develop a
pretreatment antidote which when given alone will not adversely affect performance,
but will provide reasonable protection from both agent-induced lethality and
physical and mental debilitation, and in case of serious exposure will delay
death for sufficient time to allow appropriate treatment and/or evacuation.

In the pasts emphasis was placed on reducing agent lethality. The dose of
therapeutic or prophylactic drugs chosen was that which provided the greatest
survival from nerve agent intoxication.

Recently, we have been reassessing the approach to take in dealing with
chemical pretreatment/therapy against nerve agent poisoning. It is expected
that troops will be schooled on the possibility of having nerve agents used
against them on a future battlefield; they will also know what signs and symptoms
to expect upon exposure. However, it is possible that tensions and anxieties on
the battlefield might lead some troops to imagine that they had been exposed to
nerve agent. An alarm by frightened soldiers could lead large numbers of troops
to give themselves the nerve agent self-aid antidote,which in itself might cause
temporary incapacitation. On the other hand, if troops wait until they have
unmistakable symptoms of nerve agent exposure, those which are in concentrated
agent pockets will, probably, rapidly experience severe and debilitating symptoms
which may be so intense that they will be unable to both mask and administer the
self-aid antidote. Moreover if they are able to administer conventional atropine/
oxime therapy, it is likely that they will be severely incapacitated for several
hours and even days. For these reasons we have been directing our attention to
sign-free injectable pretreatment mixtures with the thought in mind that these
mixtures should meet guidelines outlined in figure 1.

We are, therefore, presently leaning toward the idea that drug formulations
for rats and monkeys must be based on criteria that are proposed for use in man,
i.e., behavioral titration vs. survival titration (which cannot be used in man).
This means that responses other than survival must be used in selection of doses
in experimental animals as well as in man, such as physical incapacitation, per-
formance decrement and changes in behavioral stresses.
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In the past, emphasis has been placed on the carbamate pyridostigmine.
However, pyridostiqmine has been shown to have a serious deficiency in that
while it will protect against lethality,it appears to be inefficient in antagonizing
agent-induced physical and mental debilitation. Central nervous system acting
pretreatment/therapy drugs (carbamates and/or oximes) are theoretically of much
greater field potential, because they would be expected to manage central acetyl-
choline levels and thus prevent the prolonged psychiatric sequellae that can
follow exposure to nerve agents.

PROGRESS

Adjuncts in carbamate prophylaxis against soman.

Carbamates are very effective in protecting animals from the lethal effects
of soman (table 1). Atropine + pyridostigmine pretreatment increased the
protective ration (LD50, pretreated/LD50, untreated) from 1 (soman only) to 6.2.
The inclusion of mecamylamine in the drug regimen further elevated the protective
ratio to 23.8.

Decrement "Free" Pretreatment Mixtures (Mix I and Mix I).

We have been successful in developing two such mixtures. They cause little
or no physical incapacitation as measured by an accelerating rotarod, or mental
incapacitation as measured by a two-component operant schedule-FR1O schedule for
milk rewards for 20 minutes followed by a non-cued 10 minute period of extinction
(no rewards). The composition of the two mixtures are given in table 2.

Efficacy of pretreatment mixtures against soman and DFP.

Since CW nerve agents can only be used at CW establishments, and since
diisopropylfluorophosphate (DFP) has been considered by other investigators as
a model for these agents, it was crucial to identify any differences in response
of animals exposed to DFP and soman (alone and together with chemical pretreatment).
These two agents are considered irreversible inhibitors of the cholinesterase enzymes
in that no spontaneous dephosphorylation occurs following exposure.

The protective ratios for Mix I and Mix II pretreated rats exposed to soman
and DFP are summarized in table 3. Both mixtures are effective against the lethal
effects of these agents. Furthermore, the protection offered by these mixtures is
considerably hiqher in DFP exposed rats. Visual inspection of the 24-hour survivors
in the above studies revealed that the quality of life in Mix II protected rats were
far superior to those rats protected with Mix I. Because of these observations we
set out to study the effects of chemical pretreatment on agent-induced incapacitation.
We were aware that others had previously used the accelerating rotarod test to study
both agent- and druq-induced physical incapacitation. As a result we utilized this
test to assess agent-induced physical incapacitation in DFP and soman exposed rats.
In brief, pretreatment drugs were given IM to male rats (180-210 g) 30 minutes
before challenging with soman or DFP intravenously (IV). These animals were tested
on the rotarod 1/2, 1, 2 and 24-hours post agent. The following animals were always
tested together on the rotarod: saline control, Mix I or Mix II, Mix I or Mix II +
agent, and agent only. The agent alone group were run as a check on the potency of
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the sample being tested enabling comparisons to be made with earlier data. All
animals received the same number of injections by the same routes, receiving saline
for each druq administered. The degree of incapacitation was determined by means
of the incapacitation ratio (IR) which is:

ud
uc + ud where ud = mean duration of stay on the

accelerating rotarod for drug animals and

uc = mean duration of stay on the rotarod
for control animals.

Time scores from control and experimental groups were compared for significance
using a student's T'test.

The effects of various doses of soman on physical incapacitation (as IR
approaches 0, the more pronounced is the incapacitation), are shown in figure 2.
0.79 LD50 of soman causes physical incapacitation and that incapacitation becomes
progressively worse as the level of aqent is increased. By plotting an incapacitation
ratio (IR) (abscissa vs. the LD50 of soman ir'ected on the ordinate) we were able to
estimate the dose of soman required to produce 50% incapacitation at 30 minutes.
This was 0.84 LD5O. The maximum sign-free dose of soman was estimated in a similar
manner to be 0.55 LD50.

Fiqure 3 illustrates the protective effects of Mix I. This pretreatment
appears to be effective up to and including 1 LD50 . Even though pretreatment
completely protected rats from the lethal effects of 1.26 LD5 0 of soman, in-
capacitation was severe and persisted for up to 2 or more hours. At a 1.59 LD50
challenge, animals were almost totally incapacitated even after 24 hours.

The contrast between Mix I and Mix II in antagonizing soman-induced physical
incapacihation is expressed in figure 4. Physostigmine protects both peripheral
and brain AChE from inhibition by soman. Pretreatment with Mix II completely
reversed agent-induced physical incapacitation by 30 minutes at challenges of
soman up tc and including 1.59 LD50.

AChE levels in protected rats exposed to soman (IV).

Brain AChE levels in protected rats exposed to 1.3 LD50 of soman are shown in
table 4. While AChE activity in the brain is much higher in Mix II-protected
animals, peripheral AChE activity is similar in both groups of animals.

Effects of DFP on incapacitation.

The effects of various doses of DFP on physical incapacitation (PI) are shown
in figure 5. DFP causes a PI at lower doses than soman. For instance, as little
as 0.4 L050 of DFP causes significant incapacitation. As with soman, DFP-induced
PI persists at doses higher than 0.63 LD50 .
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Figure 6 illustrates the protective effects of Mix I against DFP-induced P1.
The data show that chemical pretreatment of rats with Mix I is only marginally
effective against DFP-induced Pl. At challenges higher than 0.4 LD50, PI persisted
for the first two hours, but by 24 hours, animals had recovered, except for those
challenged with 2.5 LD50 DFP.

Figure 7 shows the protective effects of Mix 11 in antagonizing OFP-induced
Pl. At challenges higher than 1.58 LD50 , PI persisted for at least 2 hours; when
compared to PI at 30 minutes, the degree of incapacitation appears less severe at
two hours. However, by 24 hours all animals had recovered.

Brain and pefipheral acetylcholinesterase (AChE) levels in protected rats.

AChE levels of protected rats exposed to 1.3 LD50 of DFP can be seen in table
5. As with soman, brain AChE activity is much higher in Mix II protected rats.

Summary.

(1) Both DFP and soman induce P1.

(2) Chemical pretreatment with a sinole level of Mix I is only slightly
effective aqainst agent-induced physical incapacitation.

(3) Chemical pretreatment with the physostigmine containinq mixture (Mix II)
is highly effective against both soman and DFP-induced physical incapacitation and
lethality. For instance the protective ratio against DFP is 6.9.

(4) The fact that brain AChE activity is higher in Mix II (physostigmine) than
in Mix I protected animals reflects the central actions of physostigmine. The
debilitation observed in Mix I (phyriostigmine) protected animals is probably
due to excess acetylcholine resulting from marked inhibition of brain ACHE.
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TASK AREA AC/WORK UNIT 025

COMPARISON OF 4DMAP, SODIUM NITRITE, AMYL NITRITE
AND SODIUM THIOSULFATE: EFFICACY OF TREATMENT

IN ACUTE CYANIDE POISONING
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23. (U) To assess the relative efficacy of the various current treatment recimens for
cyanide poisoning.

a. Anyl nitrite plus sodium nitrite olus sodium thiosulfate
b. 4-dimethylamirocenci + sodium thiosulfate
c. synthetic met-emogloi n + sodium thiosulfate
addition, explore other possible mecnanisms of action of cyanide and pertinent

treatment compounds.
(U)

24.AAnimals (cyno-claus monkeys or dogs) will be exposed to lethal concentrations of
cyanide. The animals .,,ill then be treated with various combinations of tr.era: eutic
compounds. Various nhysiolocicai parameters will be measured to determine efficacy
and extent of side effects, if any.
(U) 8004 - 8009.

25. The effective dose of sodium nitrite and 4-DIIAP which Droduces the recommended
30-40?.: methe.;ogicoin necessary for animal survival has been detemined. The ietnal
dose resoonse curve to cyanide is beinq established. These data will be the basis for

doses of cyanide and treatr.ent compounds that will be used in the efficacy studies.
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BACKGROUND

It has always been thought that the formation of methemoQlobin was the key
factor in providing protection aaainst cyanide poisoning. Therefore, most of
the antidotes known today are compounds that have the ability to oxidize in vivo
hemoglobin to methemoqlobin. methemoglobin is thought to compete with cytochrome
oxidase for cyanide ions. Amyl nitrite, sodium nitrite and 4-DMAP all oxidize
hemoglobin to methemoqlobin. It is commonly thought that the rate of methemoglobir
formation is a linear function of efficacy. However, this is not necessarily true.
There may be other mechanisms of protection.

PROGRESS

Parameters chosen for comparing 4-DMAP and sodium nitrite.

There were five key comparisons used to compare 4-DMAP and sodium nitrite as
parenteral therapy in cyanide poisoning.

Rate of methemoglobin production

Respiratory rate

Maintenance of blood pressure

Effect on heart rate and survival rate

These parameters were chosen to compare the relative effectiveness of 4-DMAP
and sodium nitrite for the following reasons:

The rate of methemoglobin production is considered to be paramount in the
treatment of cyanide poisoning. Cyanide acts very rapidly and causes death within
a matter of minutes. Therefore, the treatment has to provide its protection within
the same time frame.

Data from literature indicates that cyanide acts primarily at the respiratory
centers in the CNS causing cessation of respiration within seconds. It should,
therefore, be expected that therapy compounds either enhance respiration or at the
very least have no adverse effects on respiration.

43



Heart rate and blood pressure are obvious parameters to measure,especially
_ince sodium nitrite has been reported to cause orthostatic hypotension.

From the above it is hoped that efficacy will be determined by a comparison
of each compound as a therapeutic agent. For the purpose of this study efficacy
iV defined as the survival rate with respect to time. Therefore, the longer an
animal survives with a particular treatment, the more efficacious the treatment
is considered to be.

Routes of administration.

It was intended at the beginning of this project that 4-DMAP would be used
as an antidote for cyanide poisoning in the field as a self-help or buddy aid.
Therefore, in all experiments 4-DMAP was injected intramuscularly. However, since
sodium nitrite is administered intravenously in therapy,it was administered in this
fashion in all experiments. Using the two compounds in this fashion would render
a real life comparison. It should be noted that 4-DMAP,when given intravenously,
has been proven effective as treatment for cyanide intoxication.

Rates of methemoglobin formation.

Table I shows the rates of methemoqlobin formation by various concentrations
of 4-DMAP and sodium nitrite (20 mg/kg). The data show that 4 mg/kg of 4-DMAP
produces approximately 28" methemoglobin in 10 minutes, while it takes 20 mg/kg
of sodium nitrite to produce the same amount in approximately 30 minutes. Maximal
methemoqlobin levels were observed at thirty and ninety minutes post-injection,with
4-DMAP and sodium nitrite, respectively.

Althouqh control animal experiments were performed with 4 and 6 mg/kg IM 4-DMAP,
the dose for obtaining 30-40', methemoglobin was selected as 5 mg/kg for therapeutic
experiments.

Maximal effects of 4-DMAP and sodium nitrite.

The data in table 2 show the effects of 4-DMAP (4 mg/kg) and sodium nitrite
(20 mq/kg) on respiratory rate/min, heart rate (beats/min) and blood pressure
(mm Hg). Neither 4-DMAP nor sodium nitrite affects the respiratory rate. Both
sodium nitrite and 4-DMAP result in an increase in heart rate. Sodium nitrite
causes a slightly higher increase than 4-DMAP. Sodium nitrite causes a large
depression in arterial blood pressure while 4-DMAP causes a less severe depression.
It should be noted that when animals are poisoned with cyanide,these depressions
in blood pressure are not observed as a result of either treatment.

The current US and proposed therapy consist of a methemoglobin former (sodium
nitrite, amyl nitrite and 4-DMAP) and a cyanide scavenger (sodium thiosulfate) to
effect the elimination of cyanide from the body. However, this data only addresses
the comparison of the methemoglobin formers, 4-DMAP and sodium nitrite.

Relative efficacy of 4-DMAP and sodium nitrite.

The relative efficacy of 4-DMAP and NaN02 with respect to time was compared
in only a limited number of cyanide exposed animals. The control animal, exposed
to 2 LD5 0 of sodium cyanide died in 9 minutes. Animals exposed to 2 and 3 LD50
NaCN survived after treatment with 4-DMAP or sodium nitrite. It should be noted
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that 4-DMAP prolongs the life of the animal for a longer period of time than
does sodium nitrite with exposure to 3.5 LD50 of NaCN. During this period,
certainly subsequent therapy could be rendered to save an animal. At 4 LD50
of sodium cyanide,neither treatment is effective for any length of time. So
the difference in efficacy between 4-DMAP and sodium nitrite appears to be in
the very narrow limits between 3 and 3.5 LD5 0 .

Summary.

The preliminary data collected thus far suggests that neither 4-DMAP nor
sodium nitrite affects the respiratory rate. Both 4-DMAP and sodium nitrite
cause an increase in heart rate, but the increase with sodium nitrite is much
qreater. Sodium nitrite results in a large depression in blood pressure while
4-DMAP causes a rather mild depression of blood pressure.

Since both treatments appear to save the animals at 3 LD50 exposures, a closer
look is necessary to discern the subtle differences between 4-OMAP and sodium
nitrite. Also, the comparison of 4-DMAP and sodium nitrite in combination with
thiosulfate is necessary. Sodium thiosulfate increases the elimination of cyanide
from the body. When used in conjunction with 4-DMAP or sodium nitriteit may
enhance the efficacy of either 4-DMAP or sodium nitrite or both,to higher levels
than experienced with either alone.

It is my opinion that before IND studies are started, toxicology and formulation
stability studies should be completed. There are presently insufficient data on
acute toxicity, chronic toxicity and carcinogenic properties of 4-DMAP. At present
4-DMAP is only manufactured in the IV formulation. Stability studies are needed for
the im formulation. It is known that 4-DMAP reacts with metals and certain kinds of
rubber. Studies should also be performed with injectable container materials.

PUBLICATIONS

None.

PRESENTATIONS

None.
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TABLE I

IN VIVO MEAN PER CENT METHEMOGLOBIN LEVELS IN ARTERIAL BLOOD
OF CYNO MONKEYS AFTER VARIOUS IM DOSES OF 4-DMAP AND IV NaN02

Dose Time in Minutes
1 5 10 30 60 120

4-DIAP

(mq/k a)

4 (N = 5) 7 19 24 27 23 14

6 (N = 5) 10 28 38 46 35 20

8 (N = 5) 9 30 40 51 43 28

16 (N = 5) 12 35 49 61 52 32

NaNO 2
(ing/kqO

20 (N = 5) - 13 19 30 38 34

TABLE 2

MAXIMAL EFFECTS OF 4-DMAP (4 mq/kq) AND NaN02 (20 mg/kg)
ON VARIOUS PHYSIOLOGICAL PARAMETERS IN MONKEYS

Per Cent of Control

Parameter DMAP NaN02

Respiratory Rate No Effect No Effect

Heart Rate 112% 1'23%

Blood Pressure 91% (15 min) 67% (15 min)
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BACKGROUND

Conventional oxime/atropine therapy will provide modest protection aqainst
the immediate effects of many organophosphorus compounds that are used as
chemical warfare agents. However, in many ,,ases the surviving subjects would
likely be at least partially incapacitated for a period of hours to days. Un-
fortunately, a similar condition results if one attempts to use oxime/atropine
mixtures prophylactically.

To circumvent these difficulties a number of research workers have attempted
to capitalize on Koster's 1946 report that the carbamate eserine protects against
several LD5 0 's of the organophosphate diisopropylfluorophosphate (DFP) sub-

sequently administered.

The current concept of carbamate prophylaxis is quite simple. The premise is
that carbamates react with cholinesterases in a way precisely analogous to the
reactions of these enzymes with orqanophosphates. Inhibition of a portion of an
animal's cholinesterases prevents complete phosphylation or inactivation upon
exposure to hiqhly toxic orqanophorphorus compounds.

PROGRESS

Our approach to the problem of prophylaxis has been to synthesize a variety
of phosphinate esters under contract and study in-house their chemical, enzymatic,
toxicoloqical, and prophylactic properties. Representatives of the phosphinate
esters me have studied are shown in figure 1.

Examples of the various prorerties we have characterized are:

I. Elemental Analysis

2. IP and NMR

3. Stability at Different pHs

4. Enzyme Inhibition Constants

5. Spontaneous Reactivation of Inhibited Enzymes
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6. Oxime Induced Reactivation of Inhibited Enzymes

7. Toxicity

E. Detoxification by Rat Liver

9. Binding to Nicotinic and Muscarinic Receptors

10. Mutagenic Potential

The salient point here is that, unlike many drug programs, there is no single
property to correlate with prophylactic efficacy at this time.

The results of our hydrolysis studies on three phosphinate esters are shown
in table 1. Our in vitro enzyme inhibition studies are carried out using stopped-
flow instrumentation and automated data processing. Examples of the in vitro
inhibition data we have determined with our system are shown in table-". T5ale 3
compares the spontaneous reactivation results of eel and bovine erythrocyte
acetylcholinesterase with several of the compounds we have studied to date. It
is interesting to note that in all three cases the spontaneous reactivation
observed usina eel acetylcholinesterase is greater than that observed with bovine
erythrocyte acetylcholinesterase.

In conjunction with the in vitro investigations carried out in our laboratory,
several toxicoloqical studies have been completed along with some preliminary
prophylactic testinq. A great deal more animal data are needed so that the results
can be integrated with our in vitro data to assist in the design and selection of
phosphinates for testing and synthesis. Toxicological studies completed to date
on our phosphinate esters, table 4, have shown that in each case examined thus
far, these compounds are less toxic than the carbamate pyridostigmine. Pyrido-
stigmine has an LD50 in mice by 1.6 mg/kg (i.m.). By the same route of administration,

p-nitrophenyl dimethyl phosphinate is only one-half as toxic, and p-nitrophenyl
phenyl (methyl)phosphinate is only one-third as toxic.

Preliminary prophylaxis/TAB therapy experiments have also been completed
with these two compounds, using mice and the agent soman. Our rationale for
their selection was that these two compounds reflected significantly different
spontaneous reactivation rates in our in vitro studies. As our in vitro work
also showed that both of these compounds responded to induced reacti-aTion by
2-PAM and TMB-4, we expected to gain a handle on the significance of the
spontaneous reactivation rate in efficacy studies. For comparative purposes the
carbamate pyridostiqmine was selected.

The first parameter determined in our study was the dose of each phosphinate,
administered i.m., needed to produce depression of blood cholinesterase by
approximately 40 in one-half hour. This time and level were chosen to mimic
the criteria used to select a dose for pyridostigmine, the current prophylactic
standard. Table 5 shows our results with p-nitrophenyl dimethylphosphinate at
a dose of 0.80 mg/kg and p-nitrophenyl methly(phenyl)phosphinate at a dose of
1.25 mq/kg. These were t~e doses we selected to use prophylactically. They
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were obtained from dose response curves. Our in vivo results shown here
paralleled our in vitro studies on the spontaneous reactivation of eel and
bovine erythrocyte acetylcholinesterase inhibited by these compounds. That
is, the methyl(phenyl)phosphinate recovers activity much more rapidly than
the dimethylphosphinate. These in vivo results also demonstrate that both
phosphinates can cross the blood:Urii'barrier.

Table 6 summarizes our prophylactic results to date with these two compounds.
The dimethylphosphinate is significantly superior to pyridostigmine when 2 LD5 0

GD are administered i.m. The methyl(phenyl)phosphinate also appears to be better
at this level.

While we find this 24-hour prophylaxis data very encouraging, the experiments
did produce some surprising results. For example,

1. If a "protected" carbamylated enzyme is important, why did we observe
any saves with pyridostiqmine? It is generally accepted that pyridostigmine
would have no beneficial effect in a 24-hour prophylactic regimen.

2. If a "protected" phosphinylated enzyme is important, how does one account
for the efficacy of p-nitrophenyl methyl(phenyl) phosphinate? As shown on the
previous slide, both-the blood and brain cholinesterases completely and spontaneously
reactivated in 24 hours when mice were given a prophylactic treatment with this
compound.

Our results to date suggest that our present concept of carbamate and
phosphinate prophylaxis is incomplete. Now that we are aware of this fact, we
can design our future experiments to help identify their modes of action.
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produce lethality when injected into mice at a dose proven safe on produce acceptable
tests. The objectives of this effort are to determine the cause of the toxicity ir
aged injectors, develop a precise analytical method for assay of the toxic component(s),
and develop analytical criteria to establish quality standards for the retention of
Atropine Injectors in inventory based on safety for the toxic component(s).

24. (U) Separation, isolation and quantitation will be performed by liquid,
chromatography, atomic absorption, and mass spectrometry. Additional analytic tech-
niques include electron microscopy, electron probe microanalysis. Toxicity evaluations
wll be determined by the purchase specification i.p. mouse toxicity and the i.v. mouse
toxicity delivered at USABML.

25. (U) 8004-8009. On 9 June 1980, USABML reported that zinc ion leaching from the
rubber on the cartridge was the cause of the toxicity of aged Atropen injectors.
Cartridges that contained greater than 0.5 milligrams per ml of zinc were toxic to mice,
less than 0.4 milligrams per ml of zinc were non-toxic. Toxicity is attributed as
either zinc sulfate, zinc citrate or zinc salts. Zinc sulfate, zinc citrate, or zinc
metal, when added to an atropen formula, produced identical results. In addition, it
was determined that the zinc content within the rubbers in both the aged toxic and
aged non-toxic lots cartridges were originally identical. Consequently, the zinc from
the rubber of the lots leached more readily into the atropen injection solution th~n
the zinc in the rubber non-toxic lots.

A-II.Ni- IAt -1R,*0-OF -0 O11i It-eTR mve. a p -D °,EM 1498 PREVIOUS EDITIONS OF THIS FORM ARE OBSCLETE D FORMS 1 ...A I NOVD MAR "1498 ANO 149N-i 1 MAR 68 FOR ARMY USE, ARE OBSOLETE
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PROJECT 3MI62734AH26 Medical Defense Against Chemical Agents

TASK AREA AC Analyses for Potential Toxic Material(s) in Aged Atropen Injector

WORK UNIT 030

INVESTIGATORS R.I. Ellin
A. Kaminskis
W. Sultan

BACKGROUND

At the request of the Commander, US Army Medical Research and Development
Command, the US Army Biomedical Laboratory undertook studies to find out why
the atropen injector became toxic and to identify the toxic component(s) in aged
atropen injectors.

The vendor who supplied the atropen injectors containina atropine sulfate
injection (for nerve agent antidote) had originally reported that the oldest
retained samples produced lethality when injected into mice at a volume that was
originally proven safe on product acceptance tests. Atropen injectors were obtained
from Army inventory lots without documented storage histories. Selected samples of
these return lots were tested in FDA laboratories. The results of these tests also
confirmed that the oldest lot proved to be toxic in mice.

PROGRESS

A zinc compound present in rubber enclosures is primarily the cause of the
toxicity of aged atropen injectors. Atropens obtained from the field that
contained 0.5 milligrams of zinc per ml or more in an injector were toxic when
evaluated by the mouse-safety test. Atropen cartridges that contained 0.4 milli-
grams of zinc per ml or less were not toxic. This data was corroborated in separate
experiments when concentrations of zinc either as zinc citrate, zinc sulfate or as
zinc metal were added to freshly prepared contents of the atropen cartridge. (There-
fore the toxicity results from the zinc as zinc citrate plus any other zinc salt
present.) Atropine formulations which contained greater than 0.5 milligrams of
zinc were found toxic ; these with 0.4 milligrams or less were non-toxic. Lots
obtained from the field and even similar lots, which had been stored and retained
at room temperatures by the manufacturer of Atropens (Survival Technology), had
identical toxicity on the basis of zinc content.

The calculated zinc content of the rubber enclosures of toxic and non-toxic
lots are identical . Consequently the zinc compound in rubber leached more readily
from the rubber enclosures in the toxic Atropens than from the non-toxic Atropens.

Atropens that are toxic have significantly higher pH values than non-toxic
Atropens. This may be caused by zinc compound from rubber reacting with citrate
buffer in the Atropen formulation. The higher pH would cause more rapid decay
of an Atropine. Toxic Atropens consistently show lower atropine concentrations
than those that are non-toxic.
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The zinc content in toxic lots of Atropens was 0.4% of the weight of the
rubbers used. Rubber inclosures, both plunger and stopper, presently used in
the manufacture of Atropens were recently assayed to contain 0.1% zinc or less.
By rigid control of tile zinc content of rubber, not only would the formulation
be non-toxic, but atropine would be more stable. The shelf-life of the Atropen
Injector could be extended from five to ten years.

A quantitative mouse test applying intravenous administration was developed
to determine toxicities of Atropens. Slopes are steep. Results for toxic lots
were 3.4 ml/kgm, non-toxic lots 8.7 ml/kgm, reference standard, 13 ml/kgm.

RECOM4ENDATIONS

The recommendations presented here are: for the purpose of currecting the
defect in Atropens which caused this situation, to assure that such situations
do not arise in the future, to develop a product improvement program which will
extend the shelf of existing injectors as well as assist USAMRDC in rapid, efficient
and reliable product development in the future.

1. The results presented in this document clearly demonstrate that the cause
for toxicity development in aged Atropen is that in toxic lots sufficient quantity
of zinc in the form of a zinc compound leaches from rubber components of injectors
into the Atropen solution. Zinc in the form of zinc citrate and zinc salt are
lethal to mice in concentrations of zinc which can be defined as greater than
0.5 mg/ml. By changing the formulation, the zinc toxicity problem might be
resolved. On the other hand, other problems and questions could arise: what new
solvents(s) should be used?, how stable are the ingredients in the Atropen in this
solvent?, would the new solvent cause problems in toxicity?, and most significantly,
might not a new formulation require a new NDA?

2. In order to prevent zinc concentrations from forming in Atropens at
non-toxic levels, it is recommended that the following specifications be included
in future purchase contracts: "The zinc content of all rubber inclosures used in
the Injector item will not exceed 0.1% of the weight of the injector." The reason
for establishing this value is that over a 13 year period, 26% of the zinc leached
from rubber enclosures in toxic lots, 6% from non-toxic lots. The inclosures weigh
about 0.5 gram each oi a total of 1 gram. One-tenth per cent of total rubber is
1.0 milligram. If one takes into consideration the results of toxic lots, the
amount of zinc per cartridge over a 13 year period would be a total of 0.26 milligrams.
This concentration is non-toxic in the mouse safety test.

It would be ideal to write a specification for zinc in a rubber which, even
upon total leaching, would not provide enough zinc to be toxic to mice. In this
case we would recommend not more than 0.1 milligram per rubber item in the injector.
At this time we don't know the feasibility of such a recommendation.

3. The present shelf-life of Atropens has been set at five years from date of
manufacture. Since more is now known about Atropen stability and toxicity as a
result of these investigations, the following recommendations will (a) permit
establishment of firm shelf-life, (b) assure that at all times thle prodLCt inl the
field is of perfect biomedical quality and (c) provide tangible financial benefit
at time of replacement, since thore is sufficient evidence to support a shelf-life
of the Atropine formulation of greater than five years. It is recoWifended that
upon purchase of Atropens, one hundrcd injectors front each lot be sent to USABML
to perform the following tests ever) Si) months in additiun to the ones required
by FDA and DPSC: (a) determine the zinc content of the formulation, b) perform the
mouse toxicity assay. The data generated from such tests will facilitate tihe request
to FDA for extension of shelf-life of field injectors.
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4. A product improvement and development program should be established. The nerve
agent antidote formulations, unlike other biomedical formulations, have a unique
requirement. The biomedical formulations are designed for continuous use as
needed; thus turnover of lots will eliminate the need for long storage. The cost
of storage, accountability, and replacement when they become outdated is therelure
substantial. In addition, the usefulness of antidotes is for protecting the military,
who at the time of use, is located in a strategic position. Of prime importance is
assurance that they retain their potency and are safe to use at any time. Under
usual circumstances FDA regulations and the manufacturer's testing, in conjunctionl
with DPSC, will meet this requirement. However, it leaves little latitude for changes
or improvement of the product.

5. The shelf-life of Atropens may be extended for an additional five years.
Cost savings were discussed with value-engineering coordinators at DPSC. The
following three areas were considered: (1) immediate stock on hand that is five
years old but under ten years old, (2) planned procurement over the next five
years based on current demand data, (3) current stock on hand, less than five years
old. At the present price of $3.25 per injector, DPSC estimated a cost savings of
20.3 million dollars.

6. There are additional areas of investigations which can be carried out in-
house to improve quality of products. (a) Develop effective antidote formulations
useful under extreme climatic conditions, (b) develop a test for material leached
from rubber that would ascertain the safety of an injector item, (c) develop a
practical animal safety test that would quantitatively define toxicity, (d) study
stability under a variety of storage conditions, (e) study compatability of mixtures
of drugs in various formulations, (f) study solubilities of drugs in solvent vehicles
to determine the possible dosage formulations, (q) project and study novel dosage
forms for potential use in the field, and (h) study the rate and extent of absorption
and distribution of formulations in tissues.

7. It is recommended that a requirement be established for product improvement
and development. Investigations can be carried out jointly by USABML and WRAIR.
Since it has been shown that such programs will result in substantial savings in
the long run, appropriate funding will result in further monetary, time and effort
savings.

PRESENTATIONS

None.

PUBLICATIONS

None.

REFERENCES

Atomic Absorption Analyses for Zinc and Metals were performed under contract
with Product Assurance Directorate, Chemical Test Branch, USARRADCOM Support Element,
Aberdeen Provinq Ground, MD 21010.
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23. (U) To define, develop, and validate a series of animal behavioral tests to serve
as models which reflect the neurobiological effects of CW agents and how these effects
are mitigated by prophylaxis/therapeutic compounds. Included in development and
validation of these models is a rationale for generalization of results to man.

24. (U) Animal behavioral tests are used to assess physiological and psychological
function following three types of experimental treatments: CW agent alone, prophyl-
axis and/or therapy alone, and CW agent exposure combined with prophylaxis and/or
therapy. Studies are conducted with acute high dose and chronic low dose exposures
to CW agents.

25. (U) 8004-8009. Three tests have been developed and validated which reflect motor
and behavioral incapacitation following sub-lethal exposure to Soman. Prophylactic
and therapeutic mixtures have been tested for ability to reverse incapacitation/
lethality. Therapeutic mixture reverses lethality, and to an extent, motor incapa-
citation; prophylactic mixture reverses all effects. Dose-response studies to esta-
blish behavioral effects of 2-PAM in rodents have been initiated. Dose-response
studies of anticholinergic drugs on nonhuman primate learning and memory are
continuing. Interaction studies between morphine, anticholinergics, anticholinesterase,
and stress on pain perception are continuing. Four research papers from this work
have been presented in 1980: 3 Society for Neuroscience, 1 American Society of
Pharmacology and Experimental Therapeutics.
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TASK AREA 3A

WORK UNIT 201 Behavioral Toxicology of Nerve Aqents and Treatment with Prophylactic
and Therapeutic Compounds

INVESTIGATOR(S) J.H. McDonough
J.M. King
D.M. Penetar
J.A. Romano

BACKGROUND

Behavioral responses to toxic agents are many times more sensitive indicators
of toxic chemical insults than measures such as lethality. Use of behavioral
responses as indices of toxicity provides planners with data on risk vs. benefit
trade-off between unwanted side-effects and prophylactic/therapeutic efficacy of
drugs under consideration. A variety of behavioral tests are used in rodents and
subhuman primates to assess the integrity of motor behavior, sensory function,
homeostatic behavior (feeding, drinking, body weight regulation, thermoregulation),
motivation, and cognitive function. Dose-response functions for descriptions of
these normal behaviors are determined under acute, sublethal challenge with nerve
agent or after treatment with prophylactic/therapeutic compounds, either alone or
in combination with agents. In this testing orogram other carbamate or organophosphate
compounds are used to establish the validity and generality of the behavioral tests.

PROGRESS

All thirteen (13) protocols in this group were active in FY80. Substantial
progress was made in some protocols; others were established with pdrametric stud es
being undertaken.

Effects of Various Prophylactic and/or Therapy Compounds on Responses to Noxious
Stimulation.

This proqram includes three protocols. Work completed in 1980 indicates that
carbamate anticholinesterases will impair an organism's ability to respond to noxious
stimulation. This impairment is due, at least partially, to the invocation of a
qeneralized stress response with neuroendocine correlates and such impairment may be
reversed by anticholinergic drugs such as benactyzine HC1. This impairment is also
related to an opiate response and shows interactions with opiate aqonists. The
organism's lessened ability to respond to noxious stimuli reflects changes in both
the sensory or discriminative aspect of the pain sensation and in the affective
(emotional) response to the noxious stimulation. Lastly, it was shown that this
dual response system may be manipulated so as to selectively affect one or both of
the responses to painful stimuli.

Feeding, Drinking and Taste Aversion Studies.

Studies of effects of centrally-actinn versus perioherally-acting anLicholinerqic
drugs on drinkinq behavior were performed in FY80. Atropine sulfate and atropine
methyl nitrate were found to suppress water intake equally well in rats. Benat.yzine
HCL was essentially without effect.
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The conditioned taste aversion (CTA) protocol was approved in the 2d quarter
of FY80. CTA studies were begun in the 3d quarter. Initial work established
undruqqed concentration preferences for saccharin and saline. Subsequently, a
dose-response relationship was established for a reference substance, lithium
chloride. Significant advancement is expected to be achieved in FY81.

Effects of Various Aqents, Prophylactic and/or Therapy_.ompounds on Thermoregulation.

Data from the investigation will provide valuable information on the ability of
individuals who were exposed to various compounds of interest to cope with thermal
stressors. Work was initiated on this protocol in FY80.

Drug Discrimination Procedures.

Animals were trained to emit a particular response under one set of conditions
(drug) while under a second set a different response is appropriate. The results
of these experiments in FY80 have shown that animals are capable of discriminating
both carbamate and orqanophosphorous (Soman) cues from saline and other drug cues.
Furthermore, it was shown that the discriminable cues produced by Soman persist
for up to 30 hours post-injection.

Behavioral Deficits Produced by Therapeutic Compounds on Short-Term Memory,
Tie Prcption and Lea rY.

Rhesus monkeys are being tested under a behavioral paradignthat requires them
to remember a sample color for up to 16 seconds and then correctly match it in
order to earn a food reward. Two antichelinergic drugs - atropine and benactyzine and
the antidote mixture TAB have been tested in a dose-response fashion. These same
druqs have been tested in two other behavioral paradigms- one which requires rhesus
monkeys to accurately judge a span of 28 seconds before responding in order to earn
a food reward and a second which requires cynomolgus monkeys to learn a sequence of
correct responses (4 component sequence) in order to earn a reward.

Results from all three behavioral measures have been similar. Atropine at
0.014 mq/kq produces little or no disruption; atropine at 0.44 mq/kg produces
profound and prolonged (up to 8 hrs) behavioral disruption with graded effects at
doses between these extremes. Benactyzine at 0.057 mq/kq produces little or no
disruption while 1.82 q/kq produces a severe but of short duration p30 minutes)
behavioral deficit. TABat a monkey dose equivalent to one Combopen-,produces some
reliable but probably not statistically significant behavioral effects.

Prophylactic Drug Administration on Motor Behavior.

Pyridostiqmine at a dose which produces 501 cholinesterase inhibition has been
tested in cynomolgus monkeys performing under an increasing work output schedule.
When chronically administered over 3 weeks, pyridostigmine has been found to
decrease work output ability by one-third to one-half of baseline performance.
Animal's performance recovers within 3 days after drug administration ceases.
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Shuttle Avoidance Procedures.

Behavioral intoxication and physical incapacitation produced by Soman have been
studied using 2-way shuttle avoidance tests. Animals were trained to avoid shock by
"shuttling" to another compartment when a warning stimulus appeared. Results indi-
cated that at lower doses (20, 30, 40 ug/kg) animals were capabl of performing
escape responses; at higher doses animals failed to escape or avoid shock. This dose
dependent decrement of performance was reversed by TAB, with benactyzine the component
of TAB which provided the greatest protection against the incapacitating effects of
Soman.

Collaborative Ventures with other Agencies.

During the last month of FY80 the Behavioral Toxicology Branch undertook a
large scale investigation in collaboration with the Division of Neuropsychiatry.
WRAIR, to study effects of circadian shifts in Ach levels on Soman Lethality, and
long term effects of acute treatment with Soman on body weight, lethality, and re-
sponses to noxious stimuli. Range finding studies were completed in FY80, the major
project to be completed in FY81.

PUBLICATIONS

King, J.M. & Cox V.C. Relationship Between Body Weight and Estradiol Induced
Activity Physiology and Behavior. 24 (4), 657-659 0980).

PRESENTATIONS

Harris, L., et al. Protection Against Both the Lethal and cehaviural Effects
of Soman. The Pharmacologist. 22: 239 (1980) presented at the A,PET ',letiny,
Rochester, MN, August 1980.

Three abstracts were accepted by the Society for Neurosciences. They were:

King, J.M. & Romano, J. Enhancement of Physostigmine Analgesia by Morphine:
Dependence on Dose and Test System. Soc. Neurosci. Abstr. 1980, 6, 149.18.

Penetar, D. Anticholinergic and Anticholinesterase Effects on a Repeated
Acluisition Baseline. Soc. Neurosci. Abstr. 1980, 6 383.

Romano, J. & King, J.M. Benactyzine-Induced Reversal of Physostiqmine and
Cold-Water Analgesia. Soc. Neurosci. Abstr. 1980, 6, 149.17.

Also the following abstracts have been prepared and were accepted for presentation:

McDonough, J., Hackley, B., Cross, R., Sampson, F. & Nelson, S. Brain Regional
Glucose Use During Soman-Induced Seizures. Accepted for publication at FASEB meeting,
April 1981.

McDonough, J., Penetar. D., Jackson, J. & Zimmer, G. Behavioral Effects of Soman
in Rats and Modification of These Effects with Prophylactic or Therapeautic Compounds
TTCP presentation, October 1980, Washington, DC.
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TASK AREA BF

WORK UNIT 2.. Physiological Consequences of Nerve Agent Exposure

INVESTIGATORS Rickett, D.L.
Glenn, J.F.
Beasley, D.E.

BACKGROUND

Mechanisms of Respiratory Arrest.

The primary cause of death from acute exposure to lethal concentrations of
organophosphorus (OP) chemical warfare (CW) agents is generally conceded to be
cessation of respiration. Respiratory arrest may be mediated by both peripheral
and central events manifested as airway obstruction by salivary and bronchial
glandular secretions, laryngospasm, bronchoconstriction, neuromuscular blockade
of the muscles of respiration and arrest of normal activity within those areas
of the central nervous system (CNS) which control respiratory function (Brimblecombe,
1977; Wolthuis, 1976). Although it is technically feasible to protect against the
lethal effects of CW threat agents, this protection is offered at the unacceptable
cost of prolonged incapacitation of individuals receiving treatment. This is
true, regardless of whether they were actually exposed to agent or to the extent
of agent exposure. Absolutely essential to development of a maximally effective
and a minimally debilitating prophylaxis and therapy regimen is identification
and understanding of the sites and mechanisms of action of these agents, as well
as the relative contributions of these actions, in the generation of lethal effects.
This information must be developed for both acute and subacute exposure. It is
also important to develop a knowledge of immediate and persistant functional
deficits which ensue as a consequence of acute or subacute exposure to sublethal
concentrations of agent, or survival of a lethal challenge.

Effects of Cholinoactive Compounds oi Sleep-Wake Behavior.

The symptomoloqy of individuals exposed to various anticholinesterases (anti-
ChE) includinq soman (Sidell, 1974) and sarin (Grob, 1956; Grob, Harvey, Langworthy,
& Lilienthal, 1947) include: excessive dreaming, insomnia, memory impairment,
mental confusion, visual hallucinations, fatigue and trouble concentrating. These
symptoms are strikingly similar to behavioral deficits reported following either
partial or total sleep deprivation and may persist for periods of weeks to several
months following otherwise complete symptomatic recovery (Sim, 1965). If these
kinds of symptoms are common to troops who survive an exposure to anti-ChE CW
agents, their tactical mission capabilities would be seriously jeopardized.
Clearly, the effects of these agents on sleep and arousal should be investiqated
in order to provide a commander with information concerning the capabilities of
exposed troops, as well as, to provide medical personnel with information critical
to return-to-duty criteria. This is true whether the exposure which was treated
was subacute low-dose, acute low-dose, or acute lethal. Additionally, this
research is necessary for planning the extent and kinds of medical treatment
that exposed troops might require.
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PROGRESS

Mechanisms of Respiratory Arrest.

During the past year, our research focused on differentiation of central
and peripheral mechanisms of action of soman in the production of respirdtory
arrest. The results of this effort which are being presented at the 1980 Meeting
of the Society for Neuroscience, clearly showed that the cause of respiratory
arrest was a loss of central drive attributable to a loss of synchronized firinq
of respiratory-related neurons in the brainstem. This established the need for
centrally active treatment compounds. It also resulted in the development of a model
system useful for testing efficacy of future P&T compounds in reversing identified
physioloqical components of respiratory arrest including: activity of respiratory-
related units in the brainstem, phrenic nerve discharge, diaphragmatic contraction
and electromyroqram (EMG), airflow, blood pressure and cardiographic measurement.

Effects of Sublethal Exposure to Soman on Sleep Wake Cycles and Arousal Thresholds.

Last year we also started collecting data on the effects of an acute, sublethal
exposure to soman on sleep-wake cycles and arousal thresholds. Using cats, we
hdve thus far seen that post-exposure sleep patterns are disrupted for at least
9 months and that irousal thresholds are elevated. While these results are pre-
liminary, they suqqest a need for long-term treatment of individuals followinq a
sin(Ile exposure to nerve aqents.

PUBL ICATIONS

None.

PRESENTATIONS

An abstract entitled "Differentiation of Central and Peripheral Actions in
Soman-Induced Respiratory Arrest" by D.L. Rickett, N.L. Adams, K.J. Gall, S.F.
Rybczynski, T.C. Randolph, has been accepted for presentation at Society for
Neuroscience Annual Meetinq, 11-14 November 1980 at Cincinnati, Ohio.
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BACKGROUND

In spite of 35 years of effort, the pharmacology of anticholinesterase
compounds, which may be used in warfare situations, has not been unambiguously
elucidated. The enzyme acetyicholinesterase (AChE) is usually declared to be "the"
primary site of action. Unfortunately, a good correlation between degree of
enzyme inhibition and toxicity is lacking. Furthermore, the importance of the
in vivo locale of the enzyme, i.e., central or peripheral, is the subject of
-on--Terable controversy. The situation is further compounded by a lack of
information regarding the in vivo distribution of the organophosphorus compounds,
the susceptibility of otheFphysiologically important enzymes to inhibition by
organophosphorus compounds, and the effect of increased acetylcholine levels on
its receptor. Tnis deficit of information precludes the development of a model
capable of explaining tHe existing body of knowledge, or capable of being used
to design, in a rationalwell understood fashion, new compounds for use in
treatment or in prophylactic regimens.

PROGRESS

The role of AChE has been explored in two avenues. Firstly, the differences
in the kinetic properties of the various isoenzymes of AChE were investigated.
Secondly, the kinetic properties of solubilized and membrane bound AChE were studied
to identify similarities or differences inherent in the enzyme in each of these
locales.

Enzyme Interactions

The susceptibility of AChE isoenzymes isolated from rat cerebrum to inhibition
by soman was studied. Tissue from rat cerebrum was homogenized and four forms of
the enzyme with isoelectric points (PI's) between pH 4-5 were separated by iso-
electric focusing in polyacrylamide gels. Iso-OMPA (a specific inhibitor of
buterylcholinesterase) failed to reduce enzymatic activity, while BW284C51 (a
specific inhibitor of AChE) abolished it completely, indicating that all the
enzymatic activity was due to AChE. When tissue was taken from animals sacrificed
after treatment with 90 ug/kg of soman intamuscularly, it was found that there
were two classes of isoenzymes which were inhibited by soman at different rates,
although all forms of AChE were completely inhibited 15 minutes after treatment.
Currently studies are underway to examine the generality of these results for other
organophosphorus compounds, such as sarin or diisopropylflurophosphate (DFP),and
for carbamate such as moban or physostigmine.
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Using either membrane-bound (AChEM) or solubilized (AChE s) forms of

acetylcholinesterase from electric eel, similar kinetics were observed in

the absence of inhibitor or in the presence of tensilon or trimethylammonium

ion: Km = 1.1 + .1 x 10-
4M-I Ki 

= 7.3 + .2 x 10-7M 1 and K. = 3.0 + .1 x 10- 3M-

respectively. Using paraoxon, no difference was observed between the percent

inhibition at any given concentration or the concentration at which inhibition

was first observed.

In the presence of F- (Domenech et al. (1977) FEBS Lett. 74, 243-246)

the relative rate of AChEM was reduced more rapidly than AChE s, whether or not

paraoxon was present. When paraoxon inhibition was studied in the presence

of F-, AChE s had a Hill coefficient of 1.0 at 10-7-10-4M paraoxon, whereas

the value of AChEM changed from 0.8 at 10-7_ 0-5M to 1.6 at 10-4M paraoxon.

When examined in the absence of F-, AChEM and AChE s appear to behave similarly

toward various inhibitors. However, in the presence of a probe sensitive to

allosteric effects or changes in membrane fluidity, the two forms of AChE

exhibit altered behavior toward paraoxon. This project is currently in abeyance,

pending further results from Dr. Broomfield's investigations of receptor membrane

structure.
Sites of Poisoning
Preliminary work on identifying sites of action of organophosphorus compounds

has resulted in the development of a model for evaluating the actions of drugs

with highly characterized pharmacological sites of action.

Extrapolation of antidote protection data from animal models to human

subjects is a major pharmacological problem. The difficulty arises from the

variability in antidote "Protective Ratios" observed in different species. This

variability has been attributed by several investigators to "species variation."

The existing data for agent toxicity in naive animals (LD50), agent toxicity in

antidote-treated animals (LD50T), and Protective Ratios (LD5OT/LD50) for all

available species were analyzed. Two types of graphs were used to analyze the

toxicity and anitdote protection data. An "Antidote Protection" graph plots

LD50 vs. LD50T vs. mean body weight of each species and defines the species

variation of agent toxicity and antidote protection. "Antidote Protection"

graphs were found to be linear, allowing antidote protection to be defined by

the slope and intercept of the line. Oximes, carbamates, and anticholinergics

each produced distinctive patterns of effect on these two parameters. "Species

Extrapolation" graphs were found to be hyperbolic, allowing toxicity and

protection to be defined by a constant term and an order term. The effects of

route of agent administration, type of agent, and antidote protection on these

two terms were analyzed.
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Therapeautic Drug Interactions

In addition to studies on AChE and the development of a model for evaluating
drug or agent actions, progress has been made with regard to the role of ACh and its
interaction with its receptor.

Acetylcholine receptor-rich membranes having a receptor density of about 1.5
nmoles per mg were prepared from the electroplax of Torpedo Californica by density
gradient centrifugation and then labeled with a series of spin labels including
derivatives of fatty acids and their methyl esters. ESR spectra were recorded in
the absence or in the presence of carbamyl choline, d-tubocurarine, hexamethonium,
or the organophosphorus anticholinesterase, soman. For those samples in which the
spin label was highly immobilized, both conventional and saturation transfer spectra
were run. Ugder the qonditions of temperature (,approximately 230) and concentrations
(between 10- and 10-M) studied so far, we have seen no indication of significant
changes in the structure of the bulk of the lipid in nerve-ending membranes upon
reaction with agonists, antagonists, or soman. This observation is int rpreted to
indicate that the membrane lipids are passive in the change of permeability of the
membranes during synaptic transmission, or else lipid structural changes are severely
limited to the immediate environment of the protein.

We are continuing studies to see whether carbamates and organophosphorus com-
pounds inhibit different acetylcholinesterase isoenzymes. Also muscarinic and
nicotinic acetylcholine receptor levels in brain and diaphragm and muscle will be
measured.

PUBLICATIONS

A chapter entitled "Antibody Quantitation Using the Unlabeled Antibody Enzyme
Immuno Assay (UNLIM) Method" by D.E. Lenz is in press for publication in "Immuno-
chemical Methods" Vol. B of "Methods in Enzymology".

PRESENTATIONS

Effects of Anticholinesterase and Anticholinergics on Triphosphoinostide Metdb-
olism, presented at University of California, San Francisco, CA, March 1980
(by invitation). D. Maxwell.

Spin-Label Studies of Acetylcholine Receptor-Bearing Membranes, presented at
the American Chemical Society Meeting, Las Vegas, Nevada, August 1980. C.A. Broomfield
and L.B. McDonough.

In Vivo Target of Soman in Mammals, presented to Brigadier General Garrison
Rapmund, Commander of US Army Medical Research and Development Command, at US Army
Biomedical Laboratory, May 1980. D. Maxwell.
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trometric method to quantify central putative neurotransmitter content at synaptic leve'L
in discrete brain regions and in blood. Simultaneously, blood and brain area cholines-
terase (ChE) activities will be analyzed.

25. (U) 8004-8009 Preliminary study of the effects of Soman and cholinesterase neuro-
transmitter acetylcholine (A~h), and its precursor, choline (Ch), showed that (1)
acute subcutaneous injection of one LO50 of Soman (120 ug/kg) caused a differential
degree of increase of ACh and Ch levels in different rat brain areas, with cerebral
cortex having the highest elevation after 40 minutes; (2) chronic dosing of one-half
LD50 of Soman (60 ug/kg, subcutaneously) once a week for up to 6 weeks did not produce
any change in ACh and Ch contents in any brain areas investigated, but induced a
moderate ?5-40 percent) depression of cholinesterase (ChE) in brain stem, midbrain and
cerebral cortex at 6 weeks.
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BACKGROUND

With the exception of a group of bicyclic phosphorus esters, most of the
orqanophosphorus anticholinesterases, including powerful chemical warfare (CW)
nerve agents, exert their toxic lethal effects by inhibiting the cholinesterase
(ChE) family of enzymes, to include acetylcholinesterase (AChE). Presumably,
this leads to accumulation of acetylcholine (ACh) at central and peripheral
synaptic sites which then causesthe hyperactivity of cholinerqic function. The
most dangerous of these toxic actions appears to be the failure of respiratory
and cardiovascular centers.

It is generally assumed that ACh will be elevated everywhere in the organism
following exposure to any organophosphorus anti-ChEs. During the course of the
literature search, however, only a handful of reports demonstrating the elevation
of ACh in the brains of CW nerve agent-poisoned animals were to be found. A
statement made by Holmstedt and his associates in their 1967 article seems
appropriate here, "There are relatively few reports on the effects of ChE
inhibitors on the ACh content in tissue and blood." To date, still there are few.

There are good reasons for this lacK of information on ACh: first of all,
CW agents are not available commercially; secondly, sensitive analytical procedures
for ACh, and the introduction of microwave inactivation technologywere only
developed quite recently; thirdly, those investigators who have access to these
nerve agents and work on ACh, concerned themselves mostly with prottcLion of
prophylactic and/or treatment drugs against the ACh elevation in the brain.
Furthermore, those data that are available are for experiments performed with
one dose and one time point, using different routes of administration, either
intramuscular, subcutaneous, intravenous, or intraperitoneal. The data are
difficult to consolidate and evaluate. Additionally, they are studies of
activity changes in the whole brain.

The brain is a heterogeneous tissue both anatomically and histologically.
This heterogeneity is of great importance in the evaluation and interpretation
of biochemical findings related to behavioral manifestations. There are some
specific neuronal tracts which travel from one region of nuclei to the other
region of the brain. Additionally, each region which controls some specific
function or behavior, has a varied amount of neurotransmitter contents. Further-
more, a balance between different neurotransmitter system activities exists in
the central nervous system to control normal brain functions. Undoubtedly, a
perturbation of one neurotransmitter system, such as the alteration of cholinergic
activity by orqanophosphorus anti-ChE agents, will alter this balane. A number
of articles have been published which demonstrate such notions and point to a
belief that during organophosphorus anti-ChE poisoning, the interference of
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orqanophosphate with ACh metabolism was followed by a disturbance in the
netabolism of catecholamines and other neurotransmitter substances, and these
changes might be of pathophysiological significance.

These reported studies are, again, a one-shot investigation. There is either
one dose or one time-period, and we do not have information on their dynamic time-
course and dose-related effects. It is generally felt among neuroscientists that
neurochemical studies on discrete brain regions will be more revealing in the
sense of correlating neurochemical changes to specific behavioral patterns.

PROGRESS

During the period between April and October 1980, we have performed studies
on two fronts: actue and chronic or repetitive exposures, respectively, of Soman
administration on acetylcholine and choline levels in rat brain regions. Quanti-
tative analysis of acetylcholine and choline in brain tissues was performed by a
recently developed sensitive and specific gas chromatngraphic/mass spectrometric/
data system as described by Jenden et al (1973), after rats have been microwaved,
focused on their heads and brain areas dissected-out.

Acute study.

We have investiqated the time-course effects of a single subcutaneous admin-
istration of 9/10 LD50 of Soman (GD) on levels of acetylcholine (ACh) and choline
(Ch) in six major rat brain areas, i.e., brain stem (including medulla oblongata
and pons), cerebral cortex, hippocampus, midbrain, striatum, and cerebellum. As
a comparison, identical experiments were also performed with diisopropyl fluorophos-
phate (DFP). So far we have followed 5, 10, 15, 20, and 40 minutes after injection
of either aqent. Preliminary data indicate that maximal elevation of acetylcholine
is reached at 20 minutes and remains elevated at 40 minutes for both compounds at
9/10 LD50 dosage. As shown on Table 1, different regions of the brain have been
affected differently and they vary with the different agents studied. Soman has
more noticeable effects on cerebral cortex and hippocampus, whereas DFP produces
more remarkable changes in brain stem, cerebral cortex and striatum.

Chronic study.

We have also examined the time-course effects of repeated administration of
sublethal doses in rats of Soman (60-65 ug/kg, S.c.). Levels of ACh, Ch and
acetylcholinesterase (AChE) were examined in six areas stated previously. Chronic
dosing of 1/2 LD50 Soman once a week for up to six weeks induced a moderate (25-40%)
depression of AChE in brain stem, midbrain, and cerebral cortex (cerebrum) at
6 weeks (Fiqure 1), but did not produce any change in Ach and ch levels in any
brain areas investigated (Table 2) seven days after last injection.

If the dosings were increased to 3 times a week for up to six weeks, AChE
activity showed a severe inhibition (45-75%) in all brain areas (Figure 2). How-
ever, even under these conditions of severely depressed AChE activities, the levels
of ACh and ch in the six brain areas examined were not altered, 24 hours after last
injection, as compared with control durinq the six-week period (Table 3).
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TABLE I

Percent changes of acetylcholine levels at 40 minutes following 9/10 LD50
subcutaneous injection of either Soman or DFP in rat brain areas.

% change from control

Brain Areas Soman DFP

Brain stem + 6.88wv + 26.85;:

Cerebral cortex +178.35% +110.557:

Hippocampus + 80.05% + 31.29%

Midbrain + 15.94% + 23.28%

Striatum + 12.90% + 61.32Z

Cerebellum + 51.87% + 42.81%
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TABLE 2

Levels of acetylcholine in various rat brain areas seven days after last
soman administration, once a week for specified weeks.

Acetylchol ne (nmoles/q)

Duration(wks) Control Soman

Brain Stem 2 12.80 + 1.28 (9) 9.01 + 1.43 (9)

4 13.36 + 1.37 (4) 15.60 + 4.38 (5)

6 13.03 + 2.81 (9) 13.06 + 1.73 (8)

(cerebral Cortex z 18.66 + 1.51 (10) 18.96 + 1.49 (9)

4 18.58 + 1.17 (5) 22.99 + 2.24 (4)

6 18.85 + 1.43 (10) 16.78 + 1.57 (9)
Hippocampus 2 17.66 + 0.98 (9) 16.44 + 2.24 (10)

4 18.04 + 4.52 (9) 17.90 + 4.11 (8)
6 17.42 + 1.64 (9) 16.37 + 2.90 (8)

Midbrain 2 21.28 + 1.90 (10) 18.18 + 2.19 (4)

4 20.92 + 0.60 (9) 21.69 + 1.71 (6)
6 22.06 + 1.67 (8) 23.65 + 1.89 (6)

Cerebellum 2 7.00 + 0.58 (4) 4.97 + 0.64 (5)

4 5.96 + 0.85 (4) 6.50 + 1.33 (8)
6 5.68 + 0.48 (5) 6.45 + 0.59 (4)

Striatum z bU.ZZ + 3.37 (b) bZ.bb + b.7Z kb)

4 60.15 + 6.36 (9) 66.15 + 4.42 (8)

6 59.91 + 6.20 (5) 67.25 + 9.99 (4)
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Levels of acetylcholine in various rat brain areas twenty-four hours after
last soman administration, three times a week, for specified weeks.

TABLE 3

Acetylcholine (nmoles/g)

Duration(wks) Control Soman

Brain Stem 2 13.08 + 1.61 (10) 14.10 + 1.89 (8)

4 12.28 + 1.31 (10) 13.31 + 1.56 (10)

6 13.05 + 1.58 (10) 9.86 + 2.30 (5)

Cerebral Cortex 2 19.37 + 1.40 (8) 23.83 + 2.43 (8)

4 20.10 + 1.29 (7) 24.94 + 1.87 (7)
6 17.10 + 1.34 (4) 21.36 ± 2.52 (4)

Hippocampus 2 15.05 + 1.41 (8) 17.38 + 1.22 (8)

4 16.50 + 1.16 (10) 18.06 + 1.68 (10)

6 15.84 + 1.71 (8) 13.75 + 1.90 (8)

Midbrain 2 21.17 + 2.50 (10) 23.18 + 2.09 (9)
4 21.80 + 1.76 (10) 21.04 + 2.88 (9)

6 21.02 + 1.15 (5) 19.49 + 0.73 (5)

Cerebellum 2 5.31 + 0.51 (9) 5.87 + 1.17 (9)

4 6.03 + 0.59 (10) 7.36 + 0.74 (8)
6 5.95 + 0.70 (5) 5.29 + 0.62 (5)

Striatum 2 63.07 + 4.39 (9) 67,07 + 6.43 (9)
4 60.01 + 4.98 (8) 52,81 + 4.50 (10)

6 60.27 + 6.70 (5) 52.38 + 6.68 (2)
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V

PUBLICATIONS

Gas Chromatography, Mass Spectrometry and Combined Gas Chromatography-Mass
Spectrometry, Hanin, I. & Shih, T.M., published in Physico-Chemical Methodology
in Psychiatric Research (Hanin/Koslow), 1980.

PRESENTATIONS

An abstract entitled "Effects of Chronic Administration of Soman on Acetyl-
choline Metabolism," Shih, T.M., Lenz, D.E., Maxwell, D.M., accepted for presentation
at Society for Neuroscience Annual Meeting -1-14 November 1980, Cincinnati, OH.

98



REFERENCES

1. Barker, L.A. Subcellular aspects of acetylcholine metabolism. In:
Biology of Cholinergic Function. A.M. Goldberg and I. Hanin (eds).
New York: Raven Press, pp. 203-238, 1976.

?. Barker, L.A. and Mittag, T.W. Comparative studies of substrate and inhi-
bitors of choline transport and choline acetyltransferase. J. Pharmacol.
Expt. Ther. 192, 86-94 (1975).

3. Barnes, J.M., and Denz, F.A. The reaction of rats to diets containing
octamethyl pyrophosphoramide (Schradan) and O,0-diethyl-s-ethyl mercapto-
ethyl thiophosphate (Systox). Brit. J. Ind. Med. 11, 11-19 (1954).

4. Bellet, E.M. and Casida, J.E. Bicyclic phosphorus esters: High toxicity
without cholinesterase inhibition. Science. 182, 1135-1136 (1973).

5. Bertilsson, L. and Costa, E. Mass fragmentographic quantitation of
glutamic acid and Y-aminobutyric acid in cerebullar nuclei and sympathetic
ganglia of rats. J. Chromatography. 118, 395-402 (1976).

6. Biskind, M.S. and Mobbs, R.E. Psychiatric manifestations from insectici-
de exposure. J.A.M.A. 220, 1248 (1972).

7. Bito, L.Z. and Dawson, M.J. The site and mechanism of the control of
cholinergic sensitivity. J. Pharmacol. Exp. Ther. 175, 673-684 (1970).

8. Bligh, J. The level of free choline in plasma. J. Physiol. (London)
117, 234-240 (1952).

9. Bligh, J. The role of the liver and the kidneys in the maintenance of the
level of free choline in plasma. J. Physiol. (London) 120, 53-62 (1953).

10. Botticelli, L.J., Lytle, L.D. and Wurtman, R.J. Effects of choline on
morphine analgesia in the rat. Neurosci. Abs. 3, 287 (1977).

11. Bowers, M.B., Goodman, E., and Sim, V.M. Some behavioral changes in man
followina anticholinesterase administration. J. Nerv. Ment. Dis. 138,
383-389 (1964).

12. Bowery, N.G., et al. GABA antagonism as a possible basis for the convulsant
action of a se-Teof bicyclic phosphorus esters. Proc. Brit. Pharmacol.
Soc. 4, 435-436 (.1976).

13. Bremer, J. and Greenberg, D.M. Methyl transferring enzyme system of micro-
somes in the biosynthesis of lecithin (phosphatidylcholine). Biochem.
Biophys. Acta. 46, 205-216 (1961).

14. Brezenoff, H.E. and Rusin, J. Brain acetylcholine mediates the hyper-
tensive response to physostigmine in the rat. Europ. J. Pharmacol. 29,
262-265 (1974).

15. Brodeur, J. and DuBois, K.P. Studies on the mechanism of acquired tolerance
by rats to 0,0-diethyl S-2-(ethyl thio) ethyl phosphorodithioate (Di-
Syston). Arch. Int. Pharmacodyn. 149, 560-570 (1964).

99



16. Browning, E.T. Free choline formation by cerebral cortical slices from
rat brain. Biochem. Biophys. Res. Comm. 45, 1586-1590 (1971).

17. Browning, E.T. Acetylcholine synthesis: substrate availability and the
synthetic reaction. In: Biology of Cholinergic Function. A.M. Goldberg
and I. Hanin (eds.). (New York: Raven Press,) pp. 187-201 (1976).

13. Browning, E.T. and Schulman, M.P. [14C] Acetylcholine synthesis by cortex
slices of rat brain. J. Neurochem. 15, 1391-1405 (1968).

19. Bryan, K.S. and Ellison, G. Cholinergic modulation of an opposed effect
of d-amphetamine and methylphenidate on the rearing response. Psycho-
pharmacologia. 43, 169-173 (1975).

20. Brzezinski, J. The effect of poisoning with phosphorus organic insecticides
on the catecholamine levels in rat plasma, brain and adrenals. Dissert.
Pharm. Pharmacol. 24, 217-220 (1972).

21. Butcher, S.H. and Butcher, L.L. Acetylcholine and choline levels in the
rat cirpus striatum after microwave irradiation. Proc. West. Pharmacol.
Soc. 17, 37-39 (1974).

22. Butcher, S.H., et al. Fast fixation of brain in situ by high intensity
microwave irradiation: Application to neurochemical studies. J. Microwave
Power. 11, 61-65 (1976).

23. Carroll, P.T., Silbergeld, E.K., and Goldberg, A.M. Alteration of central
cholinergic function by chronic lead acetate exposure. Biochem. Pharmacol.
26, 397-402 (1977).

24. Cattabeni. F., et al. Mass fragmentographic assay of GABA in substantia
nigra: Effects of agonists and antagonists of dopaminergic and cholinergic
systems. Pharmacol. Res. Commun. 7, 421-428 (1975).

25. Cattabeni, F., Koslow, S.H., and Costa, E. Gas chromatographic-mass
spectrometric assay of four indole alkylamines of rat pineal. Science.178,
166-168 (1972a).

26. Cattabeni, F., Koslow, S.H., and Costa, E. Gas chromatography-mass fragmento-
graphy: A new approach to the estimation of amines and amine turnover.
In: Advances in Biochemical Psychopharmacology, Vol. 6. (E. Costa, L.
Iversen, and R. Paoletti, eds.) pp 37-59, (New York: Raven Press) (1972b).

27. Chase, T.N. Serotonergic mechanisms and extrapyramidal function in man.
In: Advances in Neurology, Vol. 5. Eds. F.H. McDowell and A. Barbeau, pp
31-39, (New York: Raven Press) (1974).

28. Choi, P.L., Freeman, J.J., and Jenden, D.J. Kinetics of plasma cloline in
relation to turnover of brain choline and formation of acetylcholine. J.
Neurochem. 24, 735-741 (19751

29. Clark, G. Organophosphate insecticides and Behavior, a Review. Aerospace
Med. 42, 735-740 (1971).

100



30. Cohen, E.L. and Wurtman, R.J. Brain acetylcholine: Increase after systemic
choline administration. Life Sci. 16, 1095-1102 (1975).

31. Cohen, E.L. and Wurtman, R.J. Brain acetylcholine: control by dietary
choline. Science. 191, 561-562 (.76).

32. Cohen, E.L. and Wurtman, R.J. Nutrition and Brain Neurotransmitters.
In: Nutrition: Pre- and postnatal development, ed. M. Winick, pp 103-132,
New York: Plenum Press -979.

33. Collier, B., Poon, P. and Salehmoghaddam S. The formation of choline and
of acetylcholine by brain in vitro. J. Neurochem. 19, 59-60 (1972j.

34. Conrad, L.C.A., Leonard, C.M., and Pfaff, D.W. Connections of the median
and dorsal raphe nuclei in the rat: An autoradiographic and degeneration
study. J. Comp. Neurol. 156, 176-206 (1974).

35. Cooper, M.F. and Webster, G.R. The differentiatior of phospholipase A1
and A2 in rat and human nervous tissues. J. Neurochem. 17, 1543-1554 (1970).

36. Cooper, J.R., Bloom, D.E., and Roth, R.H. The Biochemical Basis of Neuro-
pharmacology. New York: Oxford University Press ,1974.

37. Costa, E., Gressa, G.L. and Sandler, M. (eds.) Sprotonin: New Vistas
(Advances in Biochemical Psychopharmacology, Vols. 1o and 11). New York: Raven
Press, 1974.

38. Costa, E. and Holmstedt, B. Advances in Biochemical Psychopharmacoloqy,
Vol. 7 "0s chromatography-mass spectrometry in neurobiology. New York: Ravenreiss 193.

39. Costa, E., Koslow, S.H., and LeFevre, H.F. Mass fragmentography: A tool
for studying transmitter function at synaptic level. In: Handbook of
psycholpharmacoloqy, Vol. 1, Biochemical principles and techniques in neuro-
pharmacology. (L.L. Iversen, S.D. Iversen and S.H. Snyder, eds.) New York:
Raven Press, pp. 1-24, 1975.

40. Costall, B. and Naylor, R.J. The involvement of dopaminergic systems with
the stereotyped behavior patterns induced by methylphenidate. J. Pharm.
Pharmacol. 26, 30-33 0974).

41. Cross, B.A. Sympathetico-adrenal inhibition of the neurohypophysical

milk-injection mechanism. J. Endocrinol. 9, 7-18 0953).

42. Dasheiff, R.M., Einberg. E. and Grenell, R.G. Sarin and adrenergic-
cholinergic interaction in rat brain. Exp. Neurol. 57, 549-560 (1977).

43. De Candole, C.A.. et al. The failure of respiration in death hv anti-
chniinesterase poison"Iig. Brit. J. Pharmacol. Chemother. 8, 466-475
(1953).

44. Diamond, I. Choline metabolism in brain. Arch.Neurol. 2, 333-339 0971).

101



45. Dille, J.R. and Smith, P.W. Entral nervous system effects of chronic
exposure to organophosphate insecticides. Aerospace Med. 35, 475-478
(1964).

46. Dirnhuber, P. and Cullumbine, H. The effect of anti-cholinesterase agents
on the rat's blood pressure. Brit. J. Pharmacol. Chemotherap. 10, 12-15
(1955).

47. Domino, E.F. and Davis, J.M. Neurotransmitter Balances Regulating Be-
havior. Michigan: NPP Books, 1975, 240 pp.

48. Dowdall, M.J., Barker, L.A. and Whittaker, V.P. Choline metabolism in
the cerebral cortex of guinea pigs: phosphorylcholine and lipid choline.
Biochem. J. 130, 1081-1094 (1972).

49. Dross, K. Effects of di-isopropylfluorophosphate on the metabolism of
choline and phosphatidyicholine in rat brain. J. Neurochem. 24: 701-706
(1975).

50. Dross, V.K. and Kewitz, H. Der einbau von i.v. zugefuhrtem cholin in das
acetylcholin des gehirus (synthesis in brain of acetylcholine following
i.v. administration of choline). Naun. Schmied. Arch. Pharmacol. 225,
10-11 (1966).

51. Dross, K. and Kewitz, H. Effect of cholinesterase inhibitors on the
metabolism of acetylcholine in brain. Naun. Schmied. Arch. Pharmacol.
259, 206-207 (1968).

52. Dross, K. and Kewitz, H. Concentration and origin of choline in rat
brain. Naun. Schmied, Arch. Pharmacol. 274, 91-106 (1972).

53. DuBois, K.P., et al. Studies on the toxicity and mechanism of action of
p-nitrophenyl die-iyl thionophosphate (parathion). J. Pharmacol. Exp. Ther.
95, 79-91 (1949).

54. Durham, W.F. and Hayes, W.J. Organic phosphorus poisoning and its therapy.
Arch. Environ. Health. 5, 21-47 (1962).

55. Durham, W.F., Wolfe, H.R. and Ouinby, G.E. Organophosphorus insecticides
and mental alertness. Arch. Environ. Health. 10, 55-66 (1965).

56. DuVianeaud, V., et al. The utilization of the methyl group of methionine
in the bioloaica-synthesis of choline and creatine. J. Biol. Chem.
140, 625-41 (1941).

57. Ehlert, F.J., Kokka, N. and Fairhurst, A.S. Altered [3H] Quinudidinyl
Benzilate binding in the striatum of rats following chronic cholinesterase
inhibition with diisopropyifluorophosphate. Mol. Pharmacol. 17, 24-30
(1980).

58. Erickson, C.K. Functional Relationships among central neurotransmitters.
In: Reviews of Neuroscience, Vol. 3, eds. S. Ehrenpreis and I. Kopin.
pp 1-34, New York: Raven Press, 1978.

102



59. Eto, M. Organophosphorus Pesticides: Organic and biological chemistry.
Cleveland: CRC Press, 1974.

60. Fest, C. and Schmidt, K.J. The chemistry of organophosphorus pesticides.
Berlin: Springer-Verlag, 1973.

61. Fiscus, P.R. and VanMeter, W.C. Effects of parathion on turnover and
endogenous levels of norepinephrine and dopamine in rat brain. Fed. Proc.
36, 951 (1977).

62. Fonnum, F. and Guttormsen, D.P. Changes in acetylcholine content of rat
brain by toxic doses of di-isopropyl phosphorofluoridate. Experimentia.
25, 505-506 (1969).

63. Freed, V.H., et al. Role of striatal dopamine in delayed neurotoxic effects
of organophosphorus compounds. Europ. J. Pharmacol. 35, 229-232 (1976).

64. Freedman, A.P., Willis, A. and Himwtch, H.E. Correlation between signs of
toxicity and cholinesterase level of brain and blood during recovery from
di-isopropyl fluorophosphate (DFP) poisoning. Am. J. Physiol. 157, 80-87
(1949).

65. Freeman,,J.J., Choi, R.L. and Jenden, D.J. The effect of hemicholinium
on behavior and on brain acetylcholine and choline in the rat. Psychopharm.
Commun. 1, 15-27 (1975a).

66. Freeman, J.J., Choi, P.L. and Jenden, D.J. Plasma choline: its turnover
and exchange with brain choline. J. Neurochem. 24, 729-734 (1975b).

67. Freeman, J.J. and Jenden, D.J. Minireview: the source of choline for
acetylcholine synthesis in brain. Life Sci. 19, 949-962 (1976).

68. Friedhoff, A.J. (ed.). Catecholamines and behavior. 1. Basic neurobiology.
New York: Plenum Press, 1975.

69. Garattini, S., Pujol, J.F., and Samanin, R. (eds.). Interactions between
putative neurotransmitters in the brain. New York: Raven Press, 1977, 380 pp.

70. Gardiner, J.E. The inhibition of acetylcholine synthesis in brain by a
hemicholinium. Biochem. J. 81, 297-303 (1961).

71. Cardiner, J.E. and Paton, W.D.M. The control of the plasma choline
concentration in the cat. J. Physiol. (London) 227, 71-86 (1972).

72. Gazit, H., Silman, I. and Pudai, Y. Administration of an organophosphate
causes a decrease in muscarinic receptor levels in rat brain. Brain Res.
174, 351-356 (1979).

73. Vershon, S. and Shaw, F.H. Psychiatric sequele of chronic exposure to
organophosphorus insecticides. Lancet. 1, 1371-1374 (1961).

103

TI I " m ' - ... Ll i i i I I - ... ..F l .. ....



'4. Giarman, N.J. and Pepeu, G. Drug-induced changes in brain acetylcholine.
Brit. J. Pharmacol. 19, 226-234 (1962).

75. Glisson, S.N., Karczmar, A.G. and Barnes, L. Cholinergic effects on
adrenergic neurotransmltters in rabbit brain parts. Neuropharmacology.
11, 465-477 (1972).

76. Glisson, S.N., Karczmar, A.G. and Barnes, L. Effects of diisopropyl
phosphorofluoridate on acetylcholine, cholinesterase and catecholamines
of several parts of rabbit brain. Neuropharmacology. 13, 623-631 (1974).

77. Glow, P.H., Rose, S., and Richardson, A. The Effect of acute and chronic
treatment with diisopropyl fluorophosphate on cholinesterase activities
of some tissues of the rat. Aust. J. Exp. Biol. Med. Sci. 44, 73-86 (1966).

78. Glowinski, J. and Iversen, L.L. Regional studies of catecholamines in
the rat brain I. The disposition of [3H] norepinephrine, [3H] dopamine and
r3H] DOPA in various regions of the brain. J. Neurochem. 13, 655-669 (1966).

79. Grob, D. Anticholinesterase intoxication in man and its treatment. In:
Handbuch der Experimentellen Pharmakologie, Vol. XV Cholinesterases and
Anticholinesterase Agents, ed. G.B. Koelle, Chapter 22, pp 989-1027,
Berlin: Springer-Verlag, 1963.

80. Groff, W.A., Kaminskis, A., and Ellin, R.I. Interconversion of cholinest-
erase enzyme activity units by the manual 4pH method and a recommended
automated method. Clin. Toxicol. 9, 353-358 (1976).

81. Grossman, S.P. Eating or drinking elicited by direct adrenergic or
cholinergic stimulation of hypothalamus. Science. 132, 301-302 (1960).

82. Guidotti, A., et al. Focussed microwave radiation: a technique to minimize
post-mortem changes of cyclic nucleotides, DOPA and choline, and to
preserve brain morphology. Neuropharmacol. 13, 1115-1122 (1974).

83. Guyenet, P., et al. Inhibition by hemicholinium 3 of [14 C] acetylcholine
synthesis and- 3 H choline high affinity uptake in rat striatal synaptosomes.
Mol. Pharmacol. 9, 630-639 (1973).

84. Haga, T. Synthesis and release of [14 C] acetylcholine in synaptosomes.
J. Neurochem. 18, 781-798 (1971).

85. Hammar, C.G., et al. Identification of acetylcholine in fresh rat brain
by combined gas chromatography - mass spectrometry. Nature. 220, 915-917
(1968).

86. Hanin, I. and Jenden, D.J. Estimation of choline esters in brain by a
new gas chromatographic procedure. Biochem. Pharmacol. 18, 837-845 (1969).

87. Hanin, I., et al. Acetylcholine and choline in human plasma and red blood
cells: A gTs--romatograph mass spectrometric evaluation. In: Cholinergic
Mechanisms and Psychopharmacology. ed. D.J. Jenden, pp 181-195, New York:
Plenum, 1978.

104



88. Hanin, I., et al. Red-cell choline and Gilles de la Tourette Syndrome.
New England J. Med. 301, 661-662 (1979).

89. Hanin, I. and Schuberth, J. Labelling of acetylcholine in the brain of
mice fed on a diet containing deuterium labelled choline: studies utilizing
gas chromatography - mass spectrometry. J. Neurochem. 23, 819-824 (1974).

90. Hanin, I., et al. Methylphenidate: Effect on central cholinergic mechanisms.
Proc. Sixth International Congress of Pharmacology. p 522.

91. Harris, L.W., et al. Effect of atropine and/or physostigmine on cerebral
acetylcholine in rats poisoned with soman. Life Sci. 22, 907-910 (1978).

92. Harris, L.W., Stitcher, D.L. and Heyl, W.C. The effects of pretreatments
with carbamates, atropine and mecamylamine on survival and on soman-induced
alterations in rat and rabbit brain acetylcholine. Life Sci. 26, 1885-1891
(1980).

93. Haubrich, D.R., et al. Choline and acetylcholine in rats: effects of
dietary choline. J. Neurochem. 27, 1305-1313 (1976).

94. Haubrich, D.R., et al. Increase in rat brain acetylcholine induced by
choline or deanol. Life Sci. 17, 975-980 (1975).

95. Haubrich, D.R., Wedeking, P.W., and Wang, P.F.L. Incredse in tissue con-
centration of acetylcholine in guinea pigs in vivo induced by administration
of choline. Life Sci. 14, 921-927 (1974).

96. Heath, D.F. Organophosphorus poisons: anticholinesterase and related
compounds. Oxford: Pergamon Press, 1961.

97. Ho, I.K., Loh, H.H. and Way, E.L. Toxic interaction between choline and
morphine. Toxicol. Appl. Pharmacol. 51, 203-208 (1979).

98. Hdkfelt, T., et al. Immunohistochemical evidence for the existence of
adrenaline neurons in the rat brain. Brain Res. 66, 235-251 (1974).

99. Hoelzl, J. and Frank, H.P. Incorporation of doubly labeled lecithin into
the brain lipids at different developmental stages of rats. Proc. Intl.
Soc. Neurochem. Milan, pp. 219-220, 1969.

100. Holmstedt, B. Pharmacology of organophosphorus cholinesterase inhibitors.
Pharmacol. Rev. 11, 567-688 (1959).

101. Holmstedt, B., et al. Relationship between acetylcholine and cholinesterase
activity in the brain following an organophosphorus cholinesterase in-
hibitor. Biochem. Pharmacol. 16, 404-406 (1967).

102. Holt, T.M. and Hawkins, R.K. Rat hippocampal norepinephrine response to
cholinesterase inhibition. Res. Commun. Chem. Pathol. Pharmacol. 20,
239-251 (1978).

103. Hornykiewicz, 0. Dopamine (3-hydroxytyramine) and brain function.
Pharmacol. Rev. 18, 925-964 (1966).

105



1u4. Hrdina, V. and Vachek, J. The influence of O-pinacolyl-methyl phosphorofluori-
date on the content of catecholamines in the brain of dogs. Activ. Nerv. Super.
(Praha) 12, 259-260 (1970).

1u5. Hunt, R. A physiological test for choline and some of its applications.
J. Pharmacol. Exp. Ther. 7, 301-337 (1915).

luo. Illingworth, D.R. and Portman, O.W. The uptake and metabolism of plasma
lysophosphatidyl choline in vivo by the brain of squirrel monkeys. Biochem.
J. 13U, 557-567 (1972).

L!. Javoy, F., Agid, Y. and Glowinski, J. Oxotremorine - and atropine induced
changes of dopamine metabolism in the rat striatum. J. Pharm. Pharmacol.
27, 677-681. (1975).

108. Jenden, D.J. The neurochemical basis of acetylcholine precursor loading
as a therapeutic strategy. In: Brain Acetylcholine and Neuropsychiatric
Disease, eds. K.L. Davis and P.A. Berger, pp 6,,3-513, New York: Plenum Press,
1979.

109. Jenden, D.J. and Cho, A.K. Applications of integrated, gas chromatography/
mass spectrometry in pharmacology and toxicology. Ann. Rev. Pharmacol. 13,
371-390 (1972).

110. Jenden, D.J., et al. Acetylcholine turnover estimation in brain by gas chromato-
graphy/mass spectrometry. Life Sci. 14, 55-63 (1974).

111. Jenden, D.J., Hanin, I., and Lamb, S.I. Gas chromatographic microestimation
of acetylcholine and related compounds. Anal. Chem. 40, 125-128 (1963).

112. Jenden, D.J., Roch, M. and Booth, R.A. Simultaneous measurement of endogenous
and deuterium-labeled tracer variants of choline and acetylcholine in sub-
picomole quantities by gas chromatography/mass spectrometry. Anal. Biochem.
5K, 438-448 (1973).

113. Jope, R.S., et al. Choline accumlates in erythrocytes during lithuim therapy.
New England 7. i-d. 299, 833-834 (1978).

114. Jovic, R.C. Correlation between signs of toxicity and some biochemical
changes in rats poisoned by soman. Eurpo. J. Pharmacol. 25, 159-164 0974).

115. Kahane, E. and Levy, J. Sort de la choline. Administration au rat et
a'la souris. Arch. Sci. Physiol. 4, 173-183 (1950).

116. Kar, P.P. and Matin, M.A. Possible role of Y-aminobutyric acid in paraoxon-
induced convulsions. J. Pharm. Pharmac. 24, 996-997 (1972).

117. Karczmar, A.G. Anticholinesterase agents. In: International Encyclopedia of
Pharmacology and Therapeutics. Sec. 13, Vol. 1, Oxford, Pergamon Press, 1970.

I06



118. Kewitz, H. and Pleul, 0. Synthesis of choline from ethanolamine in rat
brain. Proc. Nat'l Acad. Sci. USA. 73, 2181-2185 (1976).

119. Koelle, G.B. Handbuch der experimentellen pharmakologie, Vol XV, Cholin-
esterases and Anticholinesterase Agnets. Berlin: Springer-Verlag, 1963.

120. Koslow, S.H., Cattabeni, F., and Costa, E. Norepinephrine and dopamine:
assay by mass fragmentography in the picomole range. Science. 176, 177-
180 (1972).

121. Koslow, S.H., Racagni, G. and Costa, E. Mass fragmentographic measurement
of norepinephrine, dopamine, serotonin and acetylcholine in seven discrete
nuclei of the rat tel-dicencephalon. Neuropharmacol. 13, 1123-1130 (1974).

122. Kozar, M.D., et al. Changes of acetylcholinesterase activity in three major
brain areas and ielated changes in behaviour -ollowing acute treatment with
diisopropyl fluorophosphate. Neuropharmacology. 15, 291-298 (1976).

123. Krivoy, W.A., Hart, E.R. and Marrazzi, A.S. Further analysis of the actions
of DFP and curare on the respiratory center. J. Pharmacol. Exp. Therap. 103,
351 (1951).

124. Krnjevic, K. Chemical nature of synaptic transmission in vertebrates.
Physiol. Rev. 54, 419-540 (1974).

125. Kuhar, M.J. and Atweh, S.F. Distribution of some suspected neurotransmitters
in the central nervous system. In: Reviews of Neuroscience. Vol. 3, eds.
S. Ehrenpreis and I. Kopin, pp 35-76, New York: Raven Press, 1978.

126. Kuhar, M.J., et al. Choline: selective accumulation by central c olinergic
neurons. J. Neurochem. 20, 581-593.

127. Kurtz, P.J. Dissociated behavioral and cholinesterase decrements following
malathion exposure. Toxicol. Appl. Pharmacol. 42, 589-594 (1977).

128. Levin, H.S., Rodnitzky, R.L. and Mick, D.L. Anxiety associated with exposure
to organophosphate compounds. Arch. Gen. Psychiatry. 33, 225-228 (1976).

129. Leibowitz, S.F. Hypothalamic -adrenergic "Satiety" system antagonizes an
a-adrenergic "hunger" system in the rat. Nature. 226, 963-964 (1970).

130. Lipp, J.A. Effect of benzodiazapine derivatives on soman-induced seizure
activity and convulsions in the monkey. Arch Int. Pharmacodyn. 202, 244-
251 (1973).

131. Lipp, J.A. Effect of atropine upon the cardiovascular system during soman-
induced respiratory depression. Arch Int. Pharmacodyn. 220, 19-27 (1976).

132. Lundy, D.M., Magor,G., and Shaw, R.K. Garvna-aminobutyric acid metabolism
in different areas of rat brain at the onset of soman-induced convulsions.
Arch. Int. Pharmacodyn. 234, 64-73 (1978).

133. Malitz, S. (ed.). L-Dopa and behavior. New York: Raven Press, 1972.

107



134. Marley, E. and Stephenson, J.D. Central actions of catecholamines. In:
Catecholamines. eds. H. Blaschko and E. Muscholl, pp 463-537, Berlin:
Springer-Verlag, 1972.

135. Matin, M.A. and Kar, P.P. Further studies on the role of -aminobutyric and
in paraoxon-induced convulsions. Europ. J. Pharmacol. 21, 217-221 (1973).

136. Matthysse, S.W. and Kety, S.S. (eds.). Cathecholamines and schizophrenia.
New York: Pergamon Press, 1975.

137. Mayer, 0. and Michalek, H. Effects of DFP and obidoxime on brain acetyl-
choline levels and on brain and peripheral cholinesterases. Biochem.
Pharmacol. 20, 3029-3037 (1971).

138. Meeter, E. and Wolthuis, O.L. The spontaneous recovery of respiration and
neuromuscular transmission in the rat after anticholinesterase poisoning.
Europ. J. Pharmacol. 2, 377-386 (1968).

139. Michaelis, M., et. al. The effect of the intravenous injection of DFP and
atropine on the-Tev-T on free acetylcholine in the cerebral cortex of the rabbit.
J. Pharmacol. Exp. Therap. 111, 169-175 (1954).

140. Michalek, H. and Bonavoglia, F. Effects of obidoxime on content and
synthesis of brain acetylcholine DFP intoxicated rats. Biorhem. Pharmacol.
22, 3124-3127 (1973).

141. Milosevic, M.P. Acetylcholine content in the brain of rats treated with
paraoxon and pyridinium-z-aldoxime methylchloride. J. Pharm. Pharmacol.
21, 469-470 (1969).

142. Milosevic, M.P. Acetylcholine content in the brain of rats treated with
paroxon and obidoxime. Br. J. Pharmac. 39, 732-737 (1970).

143. Moore, K.E., Carr, L.A., and Dominic, J.A. Functional significance of
amphetamine-induced release of brain catecholamines. In: Amphetamines
and Related Compounds, eds. Costa, E. and Garattini, S., pp 371-384,
New York:Raven Press, 1970.

144. Mueller, R.A., Lundberg, 0. and Breese, G.R. Evidence that respiratory
depression by serotonin agonists may be exerted in the central nervous
system. Pharmacol. Biochem. Behav. 13, 247-255 (1980).

145. Myers, J.L. Fundamentals of experimental design. Boston: Allyn and Bacon,
1972.

146. Namba, T., Nolte, C.T. and Jackvel, J. Poisoning due to organophosphate
insecticides. Am. J. Med. 50, 475-492 (1971).

147. Natoff, I.L. Organophosphorus pesticieds: Pharmacology In: Progress in
Medicinal Chemistry. Vol. 8, eds. G.P. Ellis and G.B. West, pp, 1-37,
New York: Appleton-Century-Grofts, 1971.

148. Negherbon, W.O. Handbook of Toxicology, Vol. III: Insecticides. Philadeliia:
W. B. Saunders Co., 1959.

108



149. Nelson, S.R., et al. Regional brain metabolism changes iiiouced by
acetyicholinestZera se innioitors. Brain kes. 157, 186-19U (197o).

150. Nose, T. and Takemoto, H. Effect of oxotrentoxine on hoinuvdnilic acid
concentration in the striatum of the rat. Europ. J. PharfiaLul. 2b, bi-55
(1974).

151. O'Brien, R.D. Toxic Phosphorus Esters: Cheistry, Metdculibr, an biological
Effects. New York: Acaaemic Press, 1960.

152. Overstreet, D.H., Kozar, M.U., and Lynch, G.S. keduced pnpOtrieri1L tttects
of cholinomimetic agents following chronic antichulinestera e treatm~ert.
Neuropharmacology. 12, 1017-1032 (1973).

153. Pani, P., et. al. Effect of choline adinistritiun ur the tux1Llty uf
N-nitrosod Miet'yilamine in female rats. Toxicoi. 4ppi. Phdr, dLuI. 42, b J-b1b
(1977).

154. Pellegrino, L.J., Pellegrino, A.S. and Cushainn, A... A jLerutdx1Lc 'ti-

of the Rat Brain. Second Edition Nea York: Plenum, .

155. Pfeiffer, C.C., et al. Stimulant effect of 2-dimethyi,,inuethdlmol - pussible
precursoe of brai ac--etylcholine. Science. 12b, 61u-bil k1957j.

156. Pradhan, S.N. and Mhatre, R.M. Effects of two antichulinesterases on
behavior and cholinesterase activity in rats. kes. Couiimu. Chem. Pathol.
Pharmacol. 1, 682-690 (1970).

157. Reid, W.D., Haubrich, D.R., and Krishna, G. Enzymatic radioassay for
acetylcholine and choline in brain. Anal. Biochem. 42, 390-397 k19/1).

158. Reiter, L., Talens, G. and Woolley, D. Acute and subacute parathion
treatment: Effects on cholinesterase activities and learning in mice.
Toxicol. Appl. Pharmacol. 25, 582-588 (1973).

159. Rider, J.A., Ellinwood, L.E., and Coon, J.M. Production of tolerance
in the rat to octamethyl pyrophosphoramide (OMPA). Proc. Soc. Exptl.
Biol. Med. 81, 455-459 f1952).

160. Rosic, N. and Milosevic, M.P. Partial antagonism by cholinesterase
reactivators of the effects of organophosphate compounds on shuttle-box
avoidance. Arch. Int. Pharmacodyn. 183, 139-147 (1970).

161. Russell, R.W., et al. Development of behavioral tolerance: A search for
subcellular meciinTrms. Psychopharmacology. 66, 155-158 (1979).

162. Russell, R.W., et al. Experimental tests of hypothesis about neruochemical
mechanisms underTyn-g behavioral tolerance to the anticholinesterase, DFP.
J. Pharmacol. Exp. Ther. 192, 73-85 (1975).

163. Russell, R.W., et al. Consummatory behavior during tolerance to and with-
drawal from chronic-depression of cholinesterase activity. Physiol Be Iv.
7, 523-528 (1971).

109



164. Scheel-Kruger, J. Comparative studies of various amphetamine analogues
demonstrating different interactions with the metabolism of the cate-
cholamines in brain. Europ. J. Pharmacol. 14, 47-59 (1971).

165. Schiller, G.D. Reduced binding of (3H) -Quinuclidinyl benzilate associated
with chronically low acetylcholinesterase activity. Life Sci. 24, 1159-
1164 (1979).

166. Schuberth, J., Sparf, B., and Sundwall, A. A technique for the study of
acetylcholine turnover in mouse brain in vivo. J. Neurochem. 16, 695-700
(1969).

167. Schuberth, J., Sparf, B., and Sundwall, A. On the turnover of acetylcholine
in nerve endings of mouse brain in vivo. J. Neurochem. 17, 461-468 (±970a).

168. Schuberth, J., Sparf, B., and Sundwall, A. Determination of choline. In:
Drugs and Cholinergic Mechanisms in the CNS. E. Heilbronn and A. Winter
(eds). Stockholm: Research :Institute of National Defense, pp. 15-26, 1970b.

169. Shih, T.-M., Khachaturian, Z.S. and Barry, H., III. Evidence for choliner-
gicall mediated effect of methyIphenidate hydrochloride in the central
nervous system. Pharmacologist. 16, 242 (1974).

170. Shih, T.-M., et al. Cholinergic mediation of the inhibitory effect of methyl-
phenidate on neuronal activity in the reticular formation. Neuropharmacology.
15, 55-60 (1976a).

171. Shih, T.-M., et al. Methylphenidate as a cholinergic agonist: Further observa-
tions. Fed. Proc. 35, 307 (1976b).

172. Shih, T.-M., Kopp, U., and Hanin, I. Choline in blood as a possible index
of brain acetylcholine metabolism in vivo. Neurosci. Abs. 3, 322 (1977).

173. Shih, T.-M., Lenz, D.E., and Maxwell, D.M. Effects of chronic administra-
tion of soman on acetylcholine metabolism. Soc Neurosci. Abs. 6, 151 (1980).

174. SIPRI, The problem of chemical and biological warfare; a study of the
historical, technical, military, legal and political aspects of CBW, and
possible disarmament measures. Vol. 1-6, Stockholm: Almquist and Wiksell,
(1980).

175. SIPRI, Medical protection against chemical warfare agents. Stockholm:
Almquist and Wiksell, 1976.

176. Sithichoke, N., Malasanos, L.J., and Marotta, S.F. Cholinergic influences
on hypothalamic - pituitary - adreno cortical activity of stressed rats:
An approach utilizing choline deficient diets. Acta Endocrinol. 89, 737-
743 (1978).

177. Stavinoha, W.B., et al. Effects of chronic poisoning by an organophosphorus
cholinesterase ini TbTor on acetylcholine and norepinephrine content of the
brain. Advances in Chemistry. 60, 79-88 (1966),

178. Stavinoha, W.B., Ryan, L.C., and Smith, P.W. Biochemical effects of an
organophosphorus cholinesterase inhibitor on the rat brain. Ann. N.Y.
Acad. Sci. 160, 378-382 (1969).

110



179. Stavinoha, W.B. and Weintraub, S.T. Choline content of rat brain. Science.
183, 964-965 (1974).

180. Stavinoha, W.B., Weintraub, S.T., and Modak, A.T. The use of microwave
heating to inactivate cholinesterase in the rat brain prior to analysis
for acetylcholine. J. Neurochem. 20, 361-371 (1973).

181. Sterri, S.H., Lyngaas, S.,and Fonnum, F. Toxicity of soman after repetitive
injection of sublethal doses in rat. Acta Pharmacol. Toxicol. 46, 1-7 (1980).

182. Stewart, W.C. Accumulation of acetylcholine in brain and blood of animals
poisoned with cholinesterase inhibitors. Brit. J. Pharmacol. 7, 270-276
(1952).

183. Stewart, W.C. and Anderson, E.Z. Effect of a cholinesterase inhibitor
when injected into the medulla of the rabbit. J. Pharmacol. Exp. Thera.
162, 309-318 (1968).

184. Stewart, W.C. and McKay, D.H. Some respiratory and cardiovascular effects
of gradual sarin poisoning in the rat. Can. J. Biochem. & Physiol. 39,
1001-1011 (1961).

185. Stitcher, D.L., et al. Effects of pyridostigmine and cholinolytics on
cholinesterase and icetylcholine in soman poisoned rats. Drug Chem. Toxicol.
1, 355-362 (1978).

186. Tower, D.B. GABA and seizures. Clinical correlates in man, In: GABA
in Nervous System Function, eds. Robert, E., Chase, T.N., and Tower, D.B.,
pp 461-478, New York: Raven Press, 1976.

187. Usdin, E., and Snyder, S.H. (eds.). Frontiers in catecholamine research.
New York: Pergamon Press, 1973.

188. Van Meter, W.G. and Karczmar, A.G. An effect of physostigmine on the
central nervous system of rabbits, related to brain levels of norepine-
phrine. Neuropharmacology. 10, 379-390 (1971).

189. Varagic, V. and Krstic, M. Adrenergic activation by anticholinesterases.
Pharmacol. Rev. 18, 799-800 (1966).

190. Vizi, E.S. Presynaptic modulation of neurochemical transmission. Progress
in Neurobiol. 12, 181-290 (1979).

191. Wecker, L. and Dettbarn, W.-D. Relationship between choline availability
and acetylcholine synthesis in discrete regions of rat brain. J. Neurochem.
32, 961-967 (1979).

192. Wecker, L., Mobley, P.L. and Dettbarn, W.,-D. Effects of atropine on paraoxon-
induced alterations in brain acetylcholine. Arch. Int. Pharmacodyn. Ther.
227, 69-75 (1977a).

193. Wecker, L., Mobley, P.L. and Dettbarn, W.-D. Central cholinergic mechanisms
underlying adaptation to reduced cholinesterase activity. Biochem. Pharmacol.
26, 633-637 (1977b).

111



194. Weissman, A. Behavioral pharmacology of p-chlorophenylalanine (PCPA). In:
Serotonin and Behavior. eds. J. Barchas and E. Usdin. pp 235-248, New York:
Academic Press, 1973.

195. Woelk, H., et al. Distribution and properties of phospholipases Al and A2 in
synaptosomes-aii synaptosomal fractions of rat brain. Zeit Physiol. Chem.

335, 1535-1542 (1974).

196. Wolthuis, O.L. An alternative therapy against organophosphate poisoning.
In: Medical Protection Against Chemical Warfare Agents. SIPRI, Stockholm:
Almquist and Wiksell ,1976.

197. Wood, J.D. The role of y-aminobutyric acid in the mechanism of seizures.
Progr. Neurobiol. 5, 77-95 (1975).

198. Wright, P.G. An analysis of the central and peripheral components of
respiratory failure produced by anticholinesterase poisoning in the rabbit.
J. Physiol. (London) 126, 52-70 (1954).

199. Wurtman, R.J. and Fernstrom, J.D. Control of brain neurotransmitter synthesis
by precursor availability and nutritional state. Biochem. Pharmacol. 25, 1691-
1969 (1976).

200. Wurtman, R.J. and Growdon, J.H. Dietry control of central cholinergic activity
In: Brain Acetylcholine and Neuropsychiatric Disease, eds. K.L. Davis and
P.A. Berger, pp 461-481. New York: Plenum Press, 1979.

201. Yamamura, H. and Snyder, S.H. High Affinity transport of choline into
synaptosomes of rat brain. J. Neurochem. 21, 1355-1374 (1973).

202. Zahniser, N.R., Chou, D., and Hanin, I. Is 2-dimethylaminoethanol indeed
a precursor of brain acetylcholine? A gas chromatographic evaluation.
J. Pharmacol. Exp. Ther. 200, 545-559 (1977).

203. Zahniser, N.R. and Hanin, I. Deanol and the cholinergic system: a gas
chromatographic evaluation. Fed Proc. 35, 801 (1976).

204. Zeman, W. and Innes, J.R.M. Craigie's Neuroanatomy of the Rat. New York:
Academic Press, 1963.

112



DISTRIBUTION LIST

Name Copies Name

Commander 5 Commander
US Army Medical Research US Army Medical Research
and Development Command Institute of Infectious Diseases
Fort Detrick Fort Detrick
Frederick, MD 21701 Frederick, MD 21701

Director of Defense Research 1 Commander
and Engineering US Army Research Institute
ATTN: Asst Dir (Environmental of Environmental Medicine
and Life Sciences) Natick, MA 01760
WASH DC 20301

HQDA(DASG-HCD) 1 Commander
WASH DC 20310 US Army Institute of

Surgical Research
Superintendent I Brooke Army Medical Center
Academy of Health Sciences Fort Sam Houston, TX 78234
ATTN: HSA-CDH
Fort Sam Houston, TX 78234 Comwaider

US Army Institute of
Assistant Dean 1 Dental Research
Inst & Rsch Support WASH DC 20012
Uniformed Services University
of Health Sciences Commander
6917 Arlington Road US Army Medical Bioengineering
Bethesda, MD 20014 Research & Development Laboratory

Fort Detrick
Commander 1 Frederick, MD 21701
US Army Environmental
Hygiene Agency Commander

Aberdeen Proving Ground, MD 21010 US Army Aeromedical Research
Laboratory

US Army Reseprch Office 1 Fort Rucker, AL 36362
ATTN: Chem & Bio Sci Div
P.O. Box 1221 Commander
Research Triangle Park, NC 27709 Letterman Army Institute

of Research
Biological Sciences Division 1 Presidio of San Francisco, CA 94129
Office of Naval Research
Arlington, VA 22217 Commander

Naval Medical Research Institute
Director of Life Sciences 1 National Naval Medical Center
USAF Office of Scientific Bethesda, MD 20014
Research (AFOSR/C)

Bolling AFB Commander
WASH DC 20332 USAF School of Aerospace Medicine

Aerospace Medical Division
Director 1 Brooks AFB, TX 78235
Walter Reed Army Institute
of Research Commander

WASH DC 20012 US Army Training and
Doctrine Command

ATTN: ATMD
Fort Monroe, VA 23651AJ



DISTRIBUTION LIST

Name Copies Name Copies

Commander/Director I US Army Research and I
Chemical Systems Laboratory Standardization Group (Europe)

ATTN: DRDAR-CLB 1 ATTN: DRXSN-UK-RD
ATTN: DRDAR-CLC I Box 65
ATTN: DRDAR-CLD 1 FPO New York 09510
ATTN: DRDAR-DLJ-L I
ATTN: DRDAR-CLJ-R 1 Defense Technical Information 12
ATTN: DRDAR-CLJ-S 1 Center
ATTN: DRDAR-CLM 1 ATTN: DTIC-DDA-2
ATTN: DRDAR-CLY 1 Cameron Station, Bldg 5

Alexandria, VA 22314

ARRADCOM Support Element Commander
ATTN: DRDAR-RAI-C 1 US Army Toxic and Hazardous

Materials Agency
Commander ATTN: DRXTH-TS
US Army Medical Research Aberdeen Proving Ground, MD 21010
Institute of Chemical Defense
ATTN: SGRD-UV-ZB I Commander
ATTN: SGRD-UV-XO 1 US Army Armament Research &
ATTN: SGRD-UV-AW 14 Development Command
ATTN: SGRD-UV-LB I ATTN: DRDAR-TSS
ATTN: SGRD-JV-R I Dover, NJ 07801
ATTN: SGRD-UV-RP 1
ATTN: SGRD-UV-RS 1 Director
ATTN: SGRD-UV-RY 1 US Army Ballistics Research
ATTN: SGRD-UV-RB I Laboratory
ATTN: SGRD-UV-L I ATTN: DRDAR-TSB-S

Aberdeen Proving Ground, MD 21005
Command Surgeon 1
Forces Command Director
ATTN: AFMD US Army Military Intelligence
Fort McPherson, GA 30330 & Information Agency

ATTN: Executive/Technical Advisor
Director 1 Fort Detrick
US Army Human Engineering Frederick, MD 21701
Laboratory

Aberdeen Proving Ground, MD Director
21005 US Army Material Systems

Analysis Agency
Commander 1 Aberdeen Proving Ground, MD 21005
US Army Nuclear Chemical Agency
Fort Belvoir, VA 22060 Office of the Under Secretary

for Defense (R&E)
Commandant I ATTN: Mr. T. Dashiell
US Army Chemical School The Pentagon
ATTN: DCD WASH DC 20301
Fort McClellan, AL 36201

Commandant
HQDA(DASG-PSP) I US Army Academy of Health Sciences
WASH DC 20012 DCDHCS

ATTN: HSHA-CDH/COL Thompson
HQDA(DASG-PSC) I Fort Sam Houston, TX 78234
WASH DC 20012




